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I. ADDITIONS TO THE BUILDINGS AND INSTRU- 
MENTS. 

At the date of the printing of Volume I. of the Publica- 
tions of the Washburn Observatory, the buildings were 
practically completed, as shown in the frontispiece of the 
present volume. 

Some slight changes have been made however, and the 
most important of these will be briefly mentioned. A few 
instruments and minor pieces of apparatus have also been 
bought. ^ 

WEST ROOM (Meridian-Circle.) 

The interior of this room has been completely remodeled 
in order to fit it to receive the Repsold Meridian Circle, 
mounted at the close of 1882. The room is only 22 feet 4 
inches (E. and W.) by 20 (N. and S.) This is really too 
small, but by economizing our space it has been made sat- 
isfactory. The piers and the principal fittings for the Circle 
proper will be spoken of in the Description of the Meridian 
Circle. Here it may be said that the shutters have been 
changed so as to work fairly well; and especially that the 
ventilation of the room has been improved so as to insure 
an equality between the exterior and interior tempera- 
tures. How this has been effected is related in the Descrip- 
tion above cited. 

A double-shelter for the Meteorological Instruments has 
been placed at the north-east window. The two south 
windows have been painted with a thin coat of white paint. 
This allows light to pass and prevents the Sun's heat from 
affecting the Circle. A small stove has been mounted in th q 
room permanently. It is lighted whenever the instrument 
begins to drip with dew, as is not uncommon in Ihe^piJrg 
and fa 1 1. 
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LARGE DOME. 

This continues to be satisfactory in all respects, except 

that the upper shutter should be replaced by one of light 

steel. 

EAST ROOM (Clock-Room,) 

No changes have been made in the room itself. The pier 

on the north side of the room has been used for the Howard 

Mean Time Clock (No. 221), since 1882, July 7th. The 

Thomas Clock has been moved into the Hall, near the 

switch-board. A oil-painting of Governor Washburn, and 

a life size crayon drawing of Professor Watson have been 

placed in this room. 

THE SOLAR AND STUDENTS' OBSERVATORIES. 

The Solar observatory has been used solely as the quar- 
ters for an assistant after the conclusion of the experiments 
•described in F. J. S. der Ast Qeselly 1883, page 114. The 
Students' observatory has been lighted with gas since Novem- 
ber 1882. 

THE PIVOTS OF THE FAUTH TRANSIT INSTRUMENT. 

The inequality of the pivots of the Fauth Transit has 
been investigated by Miss Alice Sanborn, student in As- 
tronomy. The results are as follows: 

INDIVIDUAL values OF P. 

First Series. — Telescope Pointing South. — 1882. 

p. Date. p 

— CL30 Nov. 8, —0^.25 

— 0.36 Nov. 8, —0.34 

— 0.40 Nov. 8, —0.27 

— 0.42 Nov. 8, —0.19 

— 0.12 Nov. 9, —0.89 

— 0.27 Nov. 9, —0.56 

— 0.31 Nov. 9, . —0.05 

— 0.22 Nov. 9, —0.38 

— 0.20 Nov. 10, —0.38 

— 0.22 Nov. 10, —0.25 

— 0.11 Nov. 10, —0.35 

— 0.25 Nov. 10, —0.30 

— 0.10 



d 

Probable error of one determination, dz 0.0830 
p = _ o!o322 zb 0.0014. 



L>ate. 


d 


JJate. 


Oct. 25, 


+ 0.10 


Nov. 1, 


Oct. 25, 


0.30 


Nov. 1, 


Oct. 25, 


— 0.33 


Nov. 2, 


Oct. 25, 


— 0.56 


Nov. 2, 


Oct. 81, 


0.30 


Nov. 2, 


Oct. 31, 


— 0.37 


Nov. 3, 


Oct. 31, 


— 0.49 


Nov. 3, 


Oct. 31, 


0.56 


Nov. 3, 


Oct. 31, 


— 0.34 


Nov. 3, 


Nov. 1, 


— 0.31 


Nov. 6, 


Nov. 1, 


— 0.41 


Nov. 6, 


Nov. 1, 


0.33 


Nov. 6, 


ISTov. 1, 


— 0.24 


Nov. 6, 


Mean \ 


-alue of p 


- 0^3008 4- o!oi33. 
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Second Series, Telescope pointing North. — 1882-3. 

Date, p. 

d 

June 12, —0.16 

June 12, —0.34 

June 12, —0.34 

June 12, —0.18 

June 12, —0.35 

June 12, —0.35 

June 12, —0.28 

June 12, —0.37 



Jjate. 


d 


JJate, 


P- 

d 


Nov. 13, 


0.11 


Not. 20, 


— 0.20 


Nov. 13, 


0.20 


Nov. 20, 


0.31 


Nov. 14, 


0.34 


Nov. 21, 


0.15 


Nov. 14, 


0.35 


Nov. 21, 


— 0.17 


Nov. 14, 


0.24 


Nov. 21, 


— 0.27 


Nov. 14, 


0.14 


Nov. 21, 


— 0.07 


Nov. 20, 


0.16 


Nov. 21, 


0.19 


Nov. 20, 


0.36 


Nov. 21, 


— 0.21 


Nov. 20, 


0.17 


■ 




■ 

Mean value of p = 


r 0.2404-i-o!oi40. 




Probable 


error of 


one determination, 


^-0^0701 . 



p=— 0.02574=0.0015 . 

s s 

Combining the result from both series we find p = — 0.029±0.00i. 
The linear difference in the radii of the pivots is 0.000053 inch, the cl^mp 
pivot being the larger. 

THE SIDEREAL CLOCK. 

The Sidereal Clock has had its correction determined once 
every three days (on the average) since it was mounted. A 
daily comparison is made between this clock and all the 
other time-pieces in the Observatory; and the Tower Clock 
is also daily compared with the standard mean-time clock, 
through the telephone. A complete record of the running of 
each time-piece is kept. 

The barometer and a thermom eter screwed to the wooden 
back of the sidereal clock case (inside the case) have also been 
read daily since August 1881. 

During the period August 1883 to January 1884 the read- 
ings of a maximum and a minimum thermometer which are 
fastened inside the wall of the (outer) clock closet surround- 
ing the sidereal clock have also been taken, as well as the 
reading of the clock thermometer at about 11 p. m. 

Supposing the mean of the maximum and minimum 
thermometers to indicate the mean daily temperature of the 
air in the clock closet, the following points have been es- 
tablished. The temperature inside the clock case proper 
follows the temperature of the clock closet closely, being 
perhaps an hour in retard. The daily range of the tempera- 
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ture inside the clock-case is about the same as the daily- 
range of temperature in the clock closet. The reading of 
the clock-thermometer at 7 a. m. is very nearly the mean 
daily temperature. The mean of the readings of the clock- 
thermometer at 7 a. m. and 11 p. m. is also very near the 
mean daily temperature, and there is no special advantage 
in reading the clock-thermometer more than once daily, viz. 
at 7 a. m. The clock is mounted on the very substantial 
pier in the following manner. A solid iron hook for the 
support of the back is set firmly at the top of the pier 
with plaster of Paris. A wooden batten (ash) is placed 
horizontally on the front of the pier, and at the same 
height above the floor is another batten, at the back of 
the pier. These two are connected by two iron rods with 
screws cut on their ends and nuts playing on these. Thus the 
two battens are clamped tightly against the faces of the pier. 
The bottom of the clock-case is clamped against the front 
batten by two large screws. The principle of this mounting 
is that the whole weight of the clock is suspended from the 
iron hook and that the back of the clock case is kept in one 
position by the screws which clamp it against the bottom 
batten. In spite of all precautions, I have found that the 
back of the clock case will warp from time to time and that 
it changes its shape from winter to summer. This warp- 
ing destroys the effect of the accurate adjustment of the 
beat-screws of the clock, and it tends also to destroy the accu- 
rate swinging of the pendulum in one plane. Unless the 
pendulum swings in one plane the rate cannot be constant. 

I therefore think that for the best performance of this clock, 
it would be proper to fasten the wooden back of the clock 
case firmly against an iron back, and to bolt this iron back 
firmly to the pier. The iron back of the Howard mean time 
clock is ^n excellent feature of its mounting. 

I have not been able to allow the sidereal clock to run 
without stopping for the period of 1881 April to 1883 Decem- 
ber, as I had hoped, but I have had to stop it on several 
occasions, in order to adjust the swinging of the pendulum 
to one plane. 
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The periods which are available for discussion of the run- 
ning of this clock are: 

1881. August — December. 

1882. January — December. 

1883. January — June. 
1883. June — December. 

If Ro be the rate of the clock at barometer = 30 inches 
and thermometer = 40% and R be the rate of the clock at a 
given barometer (B) and the temperature (t), the formula 
which best represents the running of the clock is 

R = R, + 0'. 30 (B — 30) — 0'. 034 (t — 40"). 

It is obvious that the temperature coefficient is enor- 
mously too large, and I shall alter the quantity of mercury 
in the jar, until a better compensation is secured, beginning 
these changes with the year 1884. I have compared the rate 
computed from the above formula with the observed rate 
for 100 different cases, from January 1882, to December 
1883, and I find that the sum of 100 residuals taken without 
regard to sign is 14*. 28 or the average residual is 0'. 14. 

On 1884 January 12, I took out 54.50 grams of mercury, 
and placed two brass weights centrally on top of the pendu- 
lum bob. 

On January 19th, the rate of the clock at barometer 30 
inches and t = 65.5'' was +0".686, and at barometer 30 inches 
and t r= 36.8 it was -f 0'.402. That is the formula given above 
was changed to R = Ro 4- 0'. 30 (B — 30) +0^010 (t — 40".) 

On January 21st, I replaced 13.8 grams of mercury, and in 
this condition, the clock will be allowed to run'during 1884. 

It must not be forgotten that the two circular pieces of 
brass which have been added are now to be considered as 
an integral part of the pendulum. 

It should be mentioned that the maker of the clock has 
added to the pendulum bob (at the bottom) a small glass 
mirror. If a beam of sunlight be thrown upon this mirror 
a spot of light is reflected by it upon the west wall of the 
clock-room. Here I have placed a plumb-line, along which 
the spot travels, as the pendulum swings. This observation 
is made once or twice per month. The arc through which 
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the pendulum swings is observed daily. It appears to de- 
crease from 1°29' to 1°25' for a fall of temperature of 10**; and 
it also appears to decrease as the driving weight falls. I have 
increased the driving weight slightly, and it is possible that 
further experiments may determine that the clock should be 
wound daily. 

THE HOWARD CLOCK. 

This clock is regulated to mean-time. Up to November 
23 1883, its face showed Chicago mean-time. (Chicago 7"" 
11'. 11 east of Madison.) After that date it showed " Central 
time/' L e. the local time of the meridian 90** west from 
Greenwich; (Central time is 2™ 22". 11 slower than Madison 
time.) It is used as t^e standard niean-time clock, and 
especially to send a time-signal at 10 a. m. daily (except 
Sunday), to railways in Wisconsin, and to send signals every 
2" during the day-time to various places in the city of 
Madison. 

The escapement is Graham's. The pendulum is a steel rod 
which carries four steel jars in a cluster, each jar being filled 
with mercury. The seconds-arbor has a steel scape wheel of 
thirty teeth (one being cut away). This wheel touches a spring 
every 2' and sends a signal through a relay. The 58th second 
is omitted in every minute. A wheel on the 5-minute arbor 
has a notch 10' long cut into its rim. Into this notch a de- 
tent falls once in 5 minutes, and the signals are interrupted 
every 5 minutes from 50' to 60.' The clock thus sends break- 
circuit signals (to its own '^ back-contact " relay at the 
switch-board) every 2' with the exception of the 5Sth second 
in every minute and the 52d, 54th, 56th and 58th, in every 
5th minute. From the relay either break or make signals can 
be sent. On the pendulum rod just above the bob, is a screw 
thread, on which a little nut can be moved up and down 
about 3 inches of the length of the rod. This nut is made in 
the shape of a pilot- wheel with 8 spokes, one of which has 
been painted black. One turn of the nut is 0'. 18 per day in 
the rate, and one-eighth of a turn is 0'. 001 per hour. This 
clock is compared twice daily with the sidereal clock, at 8 
a. m. and about 11 p. m. 

The nut is so placed as to bring the correction of the clock 
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to as nearly zero as possible at 10 a. m. of the succ^eding^ 
day. The average error of our railway time signals at 10 
a. m., was: 

For September, 1883, 0/08 

For October, 1883, . 07 

For November, 1883, 0.11 

For December, 1883,0.06 

The whole clock is mounted on an iron back, which is 
firmly screwed by 4 bolts (set into lead) to the stone pier. 

The constant changes which, are made in the rate of the 
clock have prevented me from forming any accurate idea of 
its performance. For its special purpose I regard its ar- 
rangements as well nigh perfect. Clocks of this maker 
should be always used so as to open a closed circuit, not to 
close an open one, as the adjustment of the 2* signal appa- 
ratus can be made much lighter. 

THE CONTROLLED CLOCKS. 

The observatory controls seven clocks in the city of Madi- 
son. The single wire (No. 2) goes from the ground at the 
observatory to the tracks of the Chicago, Milwaukee & St. 
Paul Railway, and along these to the city, passing through 
clocks at the oflSces of S. L. Sheldon, the Western Union 
Telegraph Co., the State Bank, the Wisconsin State Journal, 
the first National Bank, the Supreme Court of Wisconsin, 
and of the Park Hotel. Here it goes to ground. Clocks 
along this line have their hands set hourly from the observ- 
atory. (Dudley system). 

A special line is also run to the office of the President of 
the University, and a clock is set daily in this room. This 
clock automatically rings an electric bell in each class room 
at each hour, and ten minutes before each hour. 

THE LIBRARY. 

The Library has received a gift of money from Hon. Cyrus 
Woodman of Cambridge, for the purchase of new books. It 
is now a very excellent working library of astronomy of 
about 1000 volumes and 600 pamphlets. In particular, its 
collections of recent star catalogues is very complete, and 
what is better, each catalogue has been corrected for every 
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known error up to now. The Washburn Observatory holds 
itself ready to correct the catalogues of other observa- 
tories on terms which are detailed in /Science for 1883 August 
24. Mr. Woodman has also given a permanent fund, half of 
the income of which is to be applied to the uses of the 
library, the other half going to increase the principal. The 
library is to be called the Woodman Astronomical Library 
OF THE Washburn Observatory. 

I desire to renew my thanks to the many scientific 
societies, observatories and astronomers who have gener- 
ously presented the library with their publications; and to 
the Smithsonian Institution which forwards these to us free 
of expense. 

THE SIX-INCH CLARK EQUATORIAL. 

The six-inch equatorial made by Alvan Clark & Sons in 
1870, for Mr. S. W. Burnham, and temporarily mounted in the 
dome of the Students' Observatory in 1881, was bought by 
the Regents of the University in January, 1882, for $1200. 

It has an aperture of six English inches, and the distance 
from the center of the objective to the webs of the micro- 
meter is 93.75 inches. It is driven by an excellent clock. 

There are four negative eyepieces, with which Mr. Burn- 
ham discovered some 400 of his double stars. They are: 

power = 57 " 
= 133 

^ 250 ( ^^^^ ^y Clark. 

O = ?• = 460 

Also a solar eyepiece, and a diagonal tube by Clark. A 
poor micrometer by Browning has four eyepieces, w, x, y, z, 
of powers 125, 176, 300, 380. I have had an adapter made, 
so that the six-inch telescope will now carry any of the eye- 
pieces of the large equatorial — even its micrometer. 

AURORA-SPECTROSCOPE. 

The Trustees of the BACHE-f und of the National Academy 
of Sciences (Professor J. D. Dana, Dr. "SVolcott Gibbs, Pro- 
fessor J. E. Hilgard) granted $300 from the income of the 
fund for the purpose of constructing a spectroscope especially 
for the purpose of observing the spectrum of the Aurora and 
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of the Zodiacal Light. This spectroscope is now making, 
from designs by Dr. C. S. Hastings. 

The aperture of the telescope and collimator are 2.67 
inches (triple objectives by Steinheil), their focal length 
is 13.4 inches. The eyepiece magnifies 17 diameters. The 
prism is of bisulphide of carbon and the apparatus gives a 
spectrum of 3* from A to H. 

It is hoped to receive this instrument (which is the prop- 
erty of the National Academy of Sciences) during 1884, and 
to begin observations at once. 

MINOR INSTRUMENTS AND APPARATUS. 

For the use of students there have been bought 

A Spencer & Browning Sextant, 

A mean-time chronometer Tobias, No. 4804. 

An Astral Zanfern (Bailey's), 

A sun-dial. 

A spherometer-caliper, made by Fauth & Co., on the plans 
of Professor Harkness, U. S. Navy, has been used in connec- 
tion with the pivots of the Kepsold Circle as detailed in the 
Description of the Meridian Circle. 

A Steinheil wedge ( " moderations-glas ") has been fitted 
for solar observations. 

METEOROLOGICAL INSTRUMENTS. 

The instruments, etc., of the Signal Station of the XJ. 8. 
Weather Bureau at Madison (abandoned) were turned over 
to the Observatory, and since August 1883, tri-daily observa- 
tions (7 a. m., 2 p. m., 9 p. m.) are made according to the reg- 
ular programme of the Signal Service for its volunteer 
observers. These are printed in what follows. 
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11. DEJ=;CRIPTION OF THE REPSOLD MERIDIAN 

CIRCLE. 

The Washburn Observatory has lately come into possession 
of a Meridian Circle by the Repsolds of Hamburg. In the 
course of setting this instrument in place, I have had oc- 
casion to examine certain parts of it thoroughly; other parts, 
as the division of the circle, I hope to examine subsequently 
in the same way. It has appeared to me that the results of 
this examination would be of especial interest to Astrono- 
mers in America, to whom the work of the Repsolds is not 
so familiar as it is to Europeans. In what follows, I have 
taken the liberty of expressing my own opinion freely, but 
not without reflection, as to the merits or demerits of our 
circle, as they appear to me. It is only in this way that 
my remarks can be of any value. In a few points it appears 
to me that improvements might be made; essentially I be- 
lieve that the instrument is all but perfect. It also seems to 
me that these minor points should be explicitly mentioned, 
since they are all easy of correction by the makers. 

COST OF THE MERIDIAN CIRCLE. 

The bill for the circle was as follows: 

Meridian circle (proper) 15500 Marks 

Spare level tube (extra) 60 

Diagonal eyepiece (extra) 65 

Observing chair 400 

Boxes and packing 385 

Consul'sfees (Hamburg) '. 10 70 " 

Freight to New York 124 

Insurance to New York 62 " 

Total cost in New York 16,606 70 " $4,151 68 

The bill of the New York Agents of Repsolds was 122 33 

This includes express charges, insurance and custom 
house fees. The total cost of the circle delivered 
in the Observatory was therefore $4, 274 01 

The instrument is mounted in a room which had been pre- 
pared by Professor Watson for the reception of a six inch 
transit. Extensive changes were made in this room to pre- 
pare it for the circle, and the cost of these was somewhere 
in the neighborhood of $600. 

The instrument arrived in perfect order, except a few 
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slight scratches on the divided circle, and not a thing was 
broken. The spider lines in the reticles were all intact. 

The boxes for the circles, the telescope and axis and the 
collimators were covered with tin, then with straw and 
finally sewed in bagging. I may mention that, on my appli- 
cation, the Honorable Secretary of the Treasury issued special 
directions to the officials in the New York Custom House, to 
handle the cases with care. I believe this precaution was 
worth taking. 

THE WEST ROOM (Meridian Circle). 

The west room is 22 feet 4 inches (east and west) by 20 feet 
(north and south), and 13 feet 9 inches high to the flat ceil- 
ing. A slit 25 inches wide is closed by two counterpoised 
shutters on the sloping roof (the ridge line running east and 
west), and by four vertical shutters, two north and two 
south. 

The ridge-line is 140 inches higher than the flat ceiling; 
the eaves being 66 inches higher. The space above the 
ceiling serves as an air space, and the sides of the slit are 
not ceiled up, as is usual, but they are covered with wire 
netting on both sides of the slit, so as to allow a free circu- 
lation of air. This arrangement is, I believe, first carried 
out at the Washburn Observatory. Forty-four ventilators 
in the walls and cornice allow of changing the air. 

Prof. Watson had mounted in this room a 6-inch meridian 
transit instrument, made by Pistor & Martins in 1856, for 
the United States Coast Survey. This instrument was his 
own private property, and it was replaced by the meridian 
circle ordered from the Repsolds, by Governor Washburn, 
early in 1881. 

GENERAL DESCRIPTION OF THE MERIDIAN CIRCLE. 

The general appearance of the instrument can be seen in 
the cut herewith. 

A photograph of this instrument can be had from the 
Messrs. Repsolds by any one who wishes it. By studying 
the photograph, or in default of this, the accompanying 
wood-cut, a better idea of the general construction can be 
had than by any brief description. 
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It may be said, however, that all the large iron surfaces 
are painted an olive green, with the edges bronzed, so as to 
give a good effect, and so as to protect from rust. The iron 
or steel screws are all, without exception, nickel-plated, also 
to avoid rust; and the brass surfaces are lackered. The 
nickel-plating is a particularly good feature in climates like 
that of Madison, where for two or three months of the year 
the air is quite moist, and where instruments are liable to 
"sweat" badly. It really saves the inconvenience of a glass 
cover like those at Pulkova and Leyden. 

A small point, but a good one, is that the caps for the ob- 
jectives of the collimators and of the circle, are made of 
spun-brass, and are therefore light. In general, the only 
thing to do with the cap furnished by the maker of an in- 
strument, is to throw it away. They are usually so heavy 
and awkward as to do more harm than good. 

Most of the screw heads are fitted to be set up either by a 
screw driver or by a capstan bar. I may mention here that 
in the one case where it was most important that one should 
be able to use a screw driver (for two opposing screws which 
make the transit threads vertical) on account of the small 
room available between the end of the tube and the micro- 
meter, the screws were made capstan-headed only, I have 
changed these. 

As a matter of history, it may be interesting to say that 
the first capstan-headed screws were made for the Cary cir- 
cle at Moscow, which is figured in Pearson's Practical As- 
tronomy. 

THE REVERSING CARRIAGE. 

This is made of wood, with the moving parts in brass or 
iron. A strong pressure will spring it slightly, and I think 
it would have been better if the frame had been made of 
iron. The large screw is not equally well cut throughout its 
length, one thread being especially defective. The carriage 
is supported on two wheels on one side, and the third wheel 
on the other side can be raised or lowered, in order to get 
the arms perfectly horizontal. It runs on two tracks, one of 
which is grooved (for the two wheels) and the other is plane. 
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Five minutes is about the shortest time in which two per- 
sons can safely reverse the instrument. 

In ordering a circle from the Repsolds it is important to 
have them specify tTie exact free space between the casings 
of the piers. 

THE OBSERVING CHAIR. 

The style of this may be seen from the photographs of the 
Strassburg circle. 

With the smaller circles the use of a diagonal eyepiece 
does away with the necessity for a chair in great measure. 
I have two sets of 3 steps, 24 inches high and narrow enough 
to go between the piers. These are needed to read the col- 
limator levels with, and they replace an observing chair for 
all stars of high elevation. The chair may be found very 
convenient for the observation of stars in a zone, but for 
general purposes I consider it inferior to that arranged by 
Professor Harkness for the Naval Observatory Transit Circle.. 

THE pier-heads. 

On the top of the piers two plates of iron are bolted, and 
on these, supported by three screws, rest the circular micro- 
scope bearers. The pier heads, as we may call the iron base 
plates, should have been planed on the bottom. My brick 
piers were far more nearly plane surfaces than the bottoms 
of these bases, when they were received. I had them planed, 
however, at the University machine shop, and they would 
then stay in the positions given to them by the adjusting 
screws, and not rock to and fro. The microscope bearers can 
be pushed east and west by two opposing screws, and they 
can be pushed north and south, also, by four such screws. 
Three screws at the bases of the microscope bearers are pro- 
vided for the adjustment in level. 

holders for the declination clamp and slow motion. 

In our circle they are screwed to the base plates of the 
microscope bearers by two iron hangers. 

The iron pier heads are fastened to the brick piers by two 
iron plates which are held by nuts to two bolts set, one in 
each pier, solidly in the brick. I have used plaster of Paris 
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for setting these and for fastening the Ys of the collimators 
also. As the piers were thoroughly dry, I found it necessary to 
moisten the brick work before putting it in the plaster. 

These bolts should be set as low as possible, as they cast a 
shadow on the mirror for illuminating the setting micro- 
scope and they should have been countersunk in their plates. 

THE YS FOR THE COLLIMATORS. 

The Ys for the collimators should have had their bases 
planed. As a matter of fact the only difficulty I have had 
with the mounting of the whole circle arose from the fact 
that I attempted to mount the Ys without having previ- 
ously planed these surfaces. The Ys are provided with all 
necessary adjustments in level and azimuth, and the whole 
collimator as mounted, is a great advance upon the Repsold 
collimator described in the Astronomische Nachrichten 'No. 
1033. 

COLLIMATORS. 

There are two collimators exactly alike. The objectives 
are by Merz 2.63 inches (67 m. m) in aperture. ; The eyepieces 
sent with these magnified 48 diameters and the probable 
error of a single setting of one collimator on its opposite 
was 0".2. I have replaced the original eyepieces by two 
made by Kahler, of Washington, which magnify 65 diame- 
ters. The probable error of a single setting is now o".08 and 
the setting is done in half the time. Here as in many other 
cases, the saving of time goes with the increase of precision. 
I have marked the collimators X and Y. They should have 
been marked by the maker, as well as the microscopes, eye- 
pieces, etc. 

Also it was necessary to provide two caps to fit over the 
eyepieces, so that the light from the gas-fiame should pass 
through oiled paper before entering the field of view. 

The collimators are provided with four stops, 90" apart, 
which abut against a small lever adjustable in length. In 
this way it is easy to rotate the collimators about their opti- 
cal axes through angles of 90" or 180". 

The pivots of the collimators are 3.88 inches in diameter, 
and are at the very ends of the tube, which is a good plan. 
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as the objective and the threads are respectively directly 
over the Ys in a vertical plane. The pivots are kept always 
free from dust by two covers on the Ys of the collimator 
levels. I have had plate glass hoods made for the two col- 
limators. The distance between the bearing points of the 
pivots is about 24.6 inches. All the bearing surfaces of the 
Ys of both collimators and instrument are made of softer 
metal, so that these will wear and not the pivots themselves. 

The bearings are not surfaces but lines. Two abut ting- 
screws (moving north and south) keep each collimator in its 
place. Each collimator presses with a weight of about 4J 
pounds on each Y. There is an adjustment to this. 

The difference of the objective pivot and of the eyepiece 
pivot of each collimator was determined by levels taken in 
reversed positions. 

The pivots of collimator X are of exactly the same size. 

The objective-end pivot of collimator Y is smaller than 
the eye-end pivot by 0." 19 ± 0." OG. 

The linear difference in diameters corresponding to 0." 19 
is 0.000016 inches. 

The observations upon which these results depend are 
given in the following paper by Miss Alice Sanborn, one of 
my students. 

" In the following investigation the collimators designated 
X and Y belong to the Repsold Meridian Circle of the Wash- 
burn Observatory. They are of brass, mounted upon brick 
piers, 59.06 inches from the floor, in cast iron Ys. The extreme 
length of each collimator is 25.4 ± inches and the length be- 
tween the bearings 24.6 ± inches. The'diameter of the pivots 
is 3.88 dr inches. 

The levels used are numbered 1399 and 1396. The length 
of the former, between bearings, is 24.64 inches and of the 
latter, 24.61 inches. The angle of the Level Ys and the Ys in 
which the collimators rest were found upon examination 
to be equal, and each measured 90^ 

The determinations of the inequality of pivots of the col- 
limators X and Y are in two sets of sixteen determinations 
each. Eight determinations were obtained with Level No. 
1396 and eight with Level No. 1399. During the first set 
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Collimator Y was on the North Pier and Collimator X on 
the South Pier. For the second set this order was reversed. 
Care was taken in all minor details of the operation to insure 
accurate results. The Ys of the levels, and the pivots and 
Ys of the collimators were thoroughly wiped before each 
day's determinations. In the second set of measures special 
precaution was taken to place the collimators in the Ys with 
the micrometer threads vertical for the first determination 
and horizontal for the second, in order that inequalities of 
both the horizontal and vertical diameters should be elim- 
inated. The levels used were parallel to their axes. 

One division of Level 139G is equal to l.'^O. One division 
of Level 1309 is equal to 1.'45. 

For the notation used in the following tables, and formula 
to obtain the inequality of pivots, see Chauvenet's Spherical 
and Practical Astronomy, Vol. II, §137." 

See the tables which follow. 

To sum up, the results of the two sets of determinations 
are: 

i»* 0^4^ i Col. X Level 1896 p = — .054 ± 0".043 

I8t set ^ ^^^j X Level 1899 p = + .106 ± 0".046 

oA o^f < Col. X Level 1898 p = + .095 ± .062 

da set -J Q^j X Level 1899 p = + .064 ± .078 

Mean value, p = + 0".058 ± 0.0294 

That is, these pivots are equal. 

lef u^f J Col. Y Level 1896 p = + .337 ± .051 

1st set ^ (.^j Y Level 1399 p = + 0.130 ± 0' .048 

o^ ^f S Col. Y Level 1396 p -^ + 0".160 ± .004 

.a set -J ^.^^j Y Level 1399 p== •{- .127 ± 0".056 

Mean value, p ^ + 0M91 ± 0.0275 

That is, the object-end pivot is smaller than the eye-end 
pivot by 0". 19. 

The linear difference of the radii of the pivots is deduced 
from the formula given by Chauvenet, Vol. II, § 140. The 
mean of the values for inequality thus obtained, are: for col- 
limator X+ 0.00000445 inches and for collimator Y+ 0.0000161 
inches, which shows the perfection of the workmanship. 

The north collimator reticle is north of the circle 8.2 feet, 
and the reduction isJ(p= — O'Ml The south collimator has 
a reduction of ^ ^= + OMl. 



THE WASHBURN OBSERVATORY. 



ir 



P4 
^ I 

tg II 
o 
> + 

•^ I! 



es 

g 

CO 



o 

09 



+ 



to 

C 



CO 

§ 



00 00 00 1^ 
OOCO 



D ^ ^ O i-ilC ' I ii-t 1-1 CQ tJ< op « 
>QOOCi(Ma02^^'-^'-iCi|'^H^'M 

oooooooo*,-:io»«>oiooio 
1 I ++ I I I 1"^+ + + + + + + 



ODOACOOOOdCOVOCdOQOOCQtOO 
THOTt<OOT-i— 50t-.^05COOC<lO)0 

O O O O O O O O rjJ tjJ 00 CO rjl tjJ tjJ rj< 

I I ++ II II + + + + 4- + + 4- 

II Jl II Jl II Jl II II II II II Jl II II II Jl 




o 



o 



O 



o 
o 



Ob 

o 



o 

+ 



o 

+ 



o 
o 



CO 

o* 



00 

o' 



o 

o* 

+ 



00 



o 

+ 



o 

I 



o 



o 



00 

o 



35 



o 

+ 



o 

+ 



o 

I 



o 

I 



o' 

+ 



00 

o 



o 

I 



o 

+ 



o 

I 





+ 0.050 
+0.700 




-0.275 
-0.900 


. .OOOi - 

» • • • 

"^00 

• : + + : 


< 


+4.300 
+3.950 



o 

O 
I 



»oo 

• • 

oo 

+ + 



wo 
i>o 

OO) 

• • 



o»o 

. . 

00 00 

+ + 



o 

CO 

'^* 

+ 



0» 

o 
■H 

o 
o 



o 



^'oJccSzilzioDGQ^IziaQGQS^'^'aioQj^' 



• 






o 






5zi 


S 




0) 


oo 




> 


"tH 




a 






^ 








• 
• 


• 
• 
• 


<£ 


. ^-1 


CI 






-«^ 


3D "^ 


>» 


^ 


30 h 


ui 


Q 


^ 5 


C! 




:i 


5 




s 


§ 




»-» 


■ H» 



o 



o 



d 
o 



bo 

.a 

QQ 
O 






18 



PUBLICATIONS OF 



GQ 

H 

QQ 

I 

o 

>^ 

o 
o 



-sw 


M 


«U3 


n 


o 


o 


% ^ 


1 + 


^« 



8oaoi>-«ocowi-Hi-io*o»o«otot-c- 
O^OOCDOOCVirHaOWCOOT-iCOiOCO 

COCOt-itH^— iTHC^COOrHOOOOlOiO 









CD 



O O '^H CO ▼-; OS lO 1-1 »0^ 00 Oil CO T-'^ W 20 C5 
C(jc<i^*i-<THOT-"CQOOOOOOOOOO 

II II II I! II II II II II II II !l II II II II 




CO 

o 



o 
-H 

CO 

o 



o 



o 

I 
•sO 

+ 



*-§PQ 

o 





iOO • 

l> »o • 

On* • 


010 • 

oi> . 

• OOtJi • 


.100 • 


.00 . 

.0*0 • 
,000s • 




. + + : ■ 


01 • 

: + + : 


• 00 • 

:+4- : 


oco • 

; + + : 



> 

o 



10 • ■ 


• 


.1010 • 


.100 • • 


t^ • 


• i>r- • 


wo* . 


■ t-ift . . 


• 


OC4 • 


•Ol'^ • 


•iMO f • 


• • 


» • • • 


1 • • • 


> • • • • 


« • 


• 1-1 tH • 


■ ^0 • 


•00 • • 


+ : 


• 
• 


: + + : ' 


: + + • : 



CO 

+ 



> 

o 
O 



^ccQQ^^oQQQ^^Jziaiai^^aiQQjz; 



o 
55 



> 



oc 





• 
• 




• 


• 


^ 1-H 


s 


§0 b 


a 


00 ^ 




fl 




a 




►^ 



10 



e8 



I 



OS 

01 

es 



OS 

o> 



1: 

o 



CQ 



2 

9 

o 



^HE WASHBURN OBSERVATORY. 



19 



to 

O 
O 



O 

a 

O 
O 



-*3 

CQ 

o 



a 

CQ 

o 



O 

OQ 



0) 

+ 






73 
d 

125 

OQ 



0) 

+ 



OiCOOG<lC50Q10COOi-HC<JC-»OiHOT-l 

coooeoeooi-Hr-ir-ioooocooieihWk 

I 1 I I i I I I i I I I I I I ( 






J 



OQ 

o 



.J 

o 



o 

t" 



o 



^^ 



OSOOOS?0»00*OiO<MOOCOOSOOTj<0£> 
«>COO<MCOOi00600iO-^Tt<OJiOc<l 

WCQC^KMOOi-HOOOTHOrlJ'rjJcOrjJ 

I I I I I I I I I I I I I I I I 

II Jl II Jl II Jl II \\ II Jl II II II II II II 






00 



o 

+ 



o 

I 



tH 

o 



00 

o 



CO 

o 



to 



i-H ^ 



o 

+ 



o 

+ 



o o 

+ I 



00 



o 



o 

+ 



00 
1-1 

o 



o 



CO 

to 



« 



00 



I I 



o 

+ 



o 

+ 



o 

+ 



.oo • 


'lOO • 


Iggj : : 


w>o • 


.1-100 • 


• oa& • 


■ i-iO • 


• T-inH . 


• • • • 


1 • • • 


1 • • • 


• • • 


.CQcjl . 


•r-lO • 


•oo • 


.^Ti< . 


: 1 ' : " 


: 1 1 : 


: 1 + : : 


i 1 : 



00 





:S^ : 


■OQ . 
.JiOO • « 


jog 






•OiO • 


•T-H O • 


• O 5D 






«o • 


•iiO • 


• WTt< 






: 1 1 : . 


: 1 1 : : 


; 1 1 . 





CO 

I 



SziadoQ52q52qajoJ:^j5*cQOQ;z;iziQQQd^ 



CO 



I 




'-' 3 






IS 









00 

o 

• 

o 
-H 

CO 

o 



o 

+ 



Oi 



a 
o 

08 

d 

a 

•3) 

OQ 



2 



2 



20 



PUBLICATIONS OF 



A 

O 
O 

GQ 



I 

t-H 



S II 

lolb 

a 






00 

O 



O 

n 






a 



00 






THi^«ooft'^i5e5c-oo«»»ooG5'^'^ 

T'"^"^00OOi-HOTHrHOO*0C0C0»0 
I iTT I I I I I I I I I I I 



Oft 00 0d QO 



»oo 



»a6coT-iooi>-oot>ooaooi 

OOOJOOOb-TflOiOOOOftW 



COOOOOOOOOOOOOOO^'^'^'^ 
! 1 1 1 1 I 1 1 1 1 1 1 1 


1 1 1 III 

II II II II II II ! 


I 1 1 1 1 1 1 

II II II II 1! 



^^^^^^^Xi^^J^XiXi'^Xi'^ 









o 

+ 



o 

• • • 

o o o 

I + + 



tH 00 

o o 



»o op 



o 

I 



o 

+ 



'I! 
p4 



QQ 

o 



o 

o 



PQ 



« 



CO' 



o 

I 



o 

+ 



o 
o' 



CQ o 

o* o* 

+ + 



o 



e) 



00 



o 

I 



o 



CO 

o 

o' 
-H 

»o 

o» 
o 

o 



o. 



+ 



-3.550 
-2.825 




-0.400 
-0.350 


*""-6;775" 
-0.550 




-4.950 
-3.850 





IOC- . 


.§8 ' 


\ -ii ■ 




o • - 


•00 00 • 


'©iOO 




CO . 

1 . • 


coo • 

' 1 1 : 


.'pHO 

: ' ' 







o 

CO 



« 

o 



> 
o 

O 



^aQQQ^^OQaQ^'^ODGQfZq^GQaQ^ 



I 

*« 

a 

00 



o 

l-H 

J5 






<;o 

00 




8 



i 

1 
I 



08 






THE WASHBURN OBSERVATORY. 



21 



QQ 



H 

m 

H 



I 

O 
H 

>-^ 
o 
o 



P4 

III 

§^ 

o 

® _l_ 
\> ^^ 

PQ 
II 



3 



a 

CQ 
•♦J 

o 



o 

CD 

d 
+ 



j3 
bo 






CD 

+ 



Q* O ^* O tH O O O 1-J O p* p p* p p' p' 

T+l + l + l I I 11 1 I I I 






■^ rH r-l T-H C-" O l> 

o o T-< o o* o o o o o o o o o o o 

I + 1 + 1 + 1 + 1 I I I I I I I 

II li II II I! II II II !l II II II II II II II 



CO 

■ 

o 



o 

+ 



o 
+ 



o 

+ 



CO 

o 
4- 



g 



o 



o 



I i- 



PQ 
I 



o 

CO 



CO 






co 



CO 



o 



o 



o 

+ 



o 

+ 



o 



o 



o 

+ 



o 



CO 

o 

+ 



> . 

o 





• oo • 

.100 • 


oo • 
Oi> • 

lOCO • 


• OiO • 

.oo5 • 


•OIO • 

. 10i> . 
•i>flQ • 




•OO • 

: + + : 


'OO • 

: + + : 


•oo • 

:+ : 


•oo • 

: 1 + : 



> 

'^ 

O 



o 
to 





. O JO • < 


oo . ■ 


lOO 
CQO 


• 




o« . - 


OIO • ' 






• aocQ • 


t-hOO • 


i> CD 


•• 




» • • • 


• • • 


• • 






•Oi-i • 


•1-1 1-1 • 


• oo 


• • 




: 1 1 : : 


1 1 : 


1 1 








0) 
•♦a 

o 



lZH*aJaD5zilZH*ccaJlZH*5zio2adlZH*}ziaDoQlzi 



^H 


CD 




F-i 


0d 




« 


CO 




k 


tH 




(I> 






i^ 








• 
• 
• 


• 
• 

00 


• 


.1-1 


tH 


i 


2S b^ 

38b 


£? 


Q 


tH g 


■ S 




§ 


§ 




•^ 


►^ 



p 

O 

cS 

o 



CD 



+ 



5 



o 

•l-l 

B 

-^ 
-3) 

OQ 

Q 

O 
M 

PM 



22 



PUBLICATIONS OF 






EH 



I 

g 

o 
o 



p 

6 . 

^ II 



a 

CO 

O 
> 

P4 



J2 

o 

00 

d 

+ 






a 



OQ 

+ 






PQ 
I 



GO 

(D 

> 

-♦J 

o 



PQ 



o 

OP 

O 



> 
•♦a 

o 



Oi00005r-i»OCOO*'^OOOOrHi-iTH2»C* 

I I I I I iTTT IT I I I I I 



e*^OT-|'H<aoooTHi«»cQ^^060i«o 
oo&'-Hoao'^oso&oos«DaoaorH«©o 

I I I I I I I I I I I I I I I I 

II II II II 11 II II II II II II II II II II II 



O tH 

d d 
+ + 



CD 



o 






o 



o 

+ 



o 
+ 



CO 

d 



CO 



QO 

O 



o 

+ 



o 

+ 



o 

d 

+ 



00 

o 



00 



3 



CD 



r-i CO 



CO 

o 



o 

+ 



o 

+ 



o 



o 

+ 



o 

+ 



o 

+ 





•li^lO 


•OiO • 


«o • 


'OO • 

too • 




■ t-^ ■ 


•Oi> • • 


CQO . • 




•OSO) - 


• cooo • • 


coo» • 


OOIO • 




» ■ « < 


• • • ■ 1 


9 • m 


1 • • • 




' ^-1 tH 


• <M0« • 


y-t Qi • 


. C<l<M • 



»o . . 




IfiiO • 


lO o ■ 




.oj . . 


GQOl • 


«o 




O • ' 


T-iO • ' 


OO • 


iOO 




• • ■ 


• • • ■ 


• • • 


• ■ 1 




OJ • ■ 


(MCO . . 
1 • I 

1 . . 


00 00 

. 1 ' i • 


•<M0O < 

1 





o 



^ 02 QQ ^' 52; 02 OQ JZ; ^' QQ 02 ^ ^* QQ QQ J2i 



• 





















;z; 










•-H 


00 








® 


1-1 








> 










^ 












• 
• 


• 
• 


• 


• 
• 




• 
• 


• 
• 


• 




iO 


m 


.00 


Oi 


tH 


TH 


1 


1883 


< 


1" 






P 





P 


S3 




§ 


1 


% 


§ 




1-0 


•-9 


ha 


»-» 



o 

O 

-H 

CO 



o 

+ 



o 
'o 

+ 



CD 
00 



o 

OS 

a 
-^ 

0? 

bo 
B 

02 



•i 

o 



THE WASHBURN OBSERVATORY. 



2S 



m 

Q 
O 

m 



o 

H 

»— t 

>-^ 
O 

o 



I 



i 



(^ 
o 

O 
^ + 

II 



b 
^ 



+ + + + + + + + + + + + I I I I 



►3 



s 






COflOCOTj<THT-(0-t-H7-(OOOOOT-lO 

+ + + + + + + + + + -H4-I I I I 

II Jl II Jl II Jl II J! I!JI II Jl II Jl II Jl 



l^ 



r— 4 

QQ 

-(A 

o 

> 



■§ 

GO 

+ 



CO 



o 






o 

+ 



o 

+ 



o 

+ 



o 



CO 



o 



o 

I 



o 

+ 



o 

+ 



PQ 
I 

» 
' II 



o 
o 

+ 



o 

+ 



o 



o 



o 



o 

I 



o 

+ . 



CO 

o 

+ 






0) 



OQ 

i 

+ 



> 

•r-9 

o 



n 





•OiO 
• Ob- . 


t- CO . 


•OiO • 
00« • 


.100 • 

• coo • 

•COO • 




.^'^ . . 


T-( tH • 


oo • 


• oo • 




. + + : ; 


• + 4- : 


: + + : ' 


• 1 : 



CO 

o 

o 
-H 



O 
+ 

00 

o 

-3 

+ 



•■§« 

o 



iO • 


OlO * 


• oo . 


.lOiO 




t- . 


o t- . 


• lOiO . 


• i> w 




t- . . 


CO CO • 


•t>oi • 


•lO t' ' 




• • « 


• • • 


1 • • • 1 


• • * 




CO • < 


COtH • 


•Ol-H • 


• oo < 




+ : 


' + + : 


: + + : 


: 4- 





^ 



o 

'S 
o 



52;QOQQ^5z;OQOQSZi5z;QQMj2;5z;QQOQSz; 



k 


• 

i 


1 

1-1 










i 


• 

CO _J 


iO 


CD 


• 
• 
• 

• 

• 




2-g 


^ 
o 


1 


•s 






^ 


u 


U 


u 






q} 


08 


A 


eg 






;^ 


S 


s 


S 



00 



q 

o 

a 



o 

bo 
a 

OQ 



o 



O 
PM 



24 



PUBLICATIONS OF 





Q^ 


• 


1 




n 


e8 


II 


eo 

a 


^ 


c 




O 




% 


Oi 


0) 


+ 


!-:!« 




1 



03 

N 
:» 
O 

I 

« 

O 
H 

O 

o 



B 

O 



O 


+ 






t3 



OQ 
+ 



PQ 
J 



CO 

o 



O 

•1—9 

o 



PQ 



o 
O 



^O»etO»OOTt4^C05Oei5^SQOl>-rHC9 

•^5e5e5P,-lTHi-lrHTHl-(OOl-HTHTHr-l 

++++++++++++ I 







''^ 


•«^10<Tt<*0THi-HTHT^-rHrHOOl-lTHOO 

++++++++++++ 

II II II II II II II II II 1 11 II II 

Xi'io ^"^ ^Xi ^'io J^Xi XiXi X>''Xi JOi'in 






CO 



o 

+ 



o 

+ 



1-H "«^ 

O T-t 

o 

+ 



o 

+ 



o 
o 

+ 



o 
o 



CO 

o 



o 

+ 



o 

+ 



o 
o 

+ 



00 






o 

+ 



o 

+ 



o 
o 

+ 



o 

+ 



o 
o 

+ 



o 



o 

+ 



o 

+ 



o 
o 



CD 

o 



o 

+^ 

o 

CO 



o 

+ 






+ 





+ 6.000 
+ 5.675 




+ 1.100 
+ 1.425 




+ 1.025 
+ 0.700 




-1.325 
-0.950 



50 • 


CO o 


.gs •• • 


O (M 




CO • 


"^^T-l • 


• rH T-t • 


-OtH . 




+ : 


: + + : 


: + + : 


:+ 1 





o 



, ^* •• •• » 



o 

OP 



CO 
CO 



• 








1 


• • 
CO T-l 


o 


CO 


q8^ 


xi 


^ 


T-i O 


o 






g 


^4 


oS 




s 


s 


1^ 



o 



o 

00 



r— I 
QQ 



o 
u 

Xi 

M 

O 



xi 
o 



THE WASHBURN OBSERVATORY, 25 

THE MICROMETERS OF THE COLLIMATORS. 

These have adjusting screws (a) to rotate the box to make 
the wires vertical; (6) to alter the coUimation of the movable 
wires; (c) to alter the coUimation of the fixed wires. Also 
a screw to move the eye piece nearer to, or farther from, the 
objective. 

The micrometer heads are divided into 100 parts, and every 
10th part is numbered 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. There is no 
comb-scale of whole revolutions. The screws are not 
moved by turning a micrometer head; but the head is 
geared into a toothed- wheel, which projects from out the 
recess of the eye-end. This wheel can be moved by the 
finger with great delicacy. One revolution is equal to 70".48 
for collimator Y, and 70".44 for X. There are 10 screw 
threads to each 3.15 m.m. 

RETICLES OF THE COLLIMATORS. 

I had ordered two glass reticles (which were made for me 
by Professor Rogers of the Harvard College Observatory) 
to be inserted by the Messrs. Repsold. They have an insu- 
perable objection to glass reticles of all kinds, and while the 
glass reticles which I sent, were duly inserted, they also put 
in a very excellent reticle of spider lines. As both reticles 
could not be in the same plane they sacrificed the glass one. 
But it was possible, by reducing the length of the eye- piece 
tube to provide for seeing either of the reticles at will by 
simply changing the focus. 

The glass reticles are precisely similar to those described 
by Prof. Rogers in the Annals of the Harvard College Ob- 
servatory, Vol. X, page XIV. 

The spider line recticles consist of two fixed wires and of 
two movable ones. The distance of the fixed wires is 1.349 
rev. ± 0.00008 rev. (112".3) for Y, and 1.300 rev. ± 0.0008 rev. 
(111".6) for X, and the distance of the movable wires is 
about 0.28 rev. (19".6). 

The spider line recticles of the two collimators are exactly 
alike. The lines of the glass recticles were not filled with 
plumbago by the Repsolds. 
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THE LEVELS. 

The collimator levels are alike and are numbered R. 
(epsold) 1396 and R. 1399 respectively. Each bubble is di- 
vided on the glass into 62 equal parts and numbered 0, 10, 20^ 
30, 40, 50, 60. The hanging level is similar to the others. 

The value of a division of the bubbles was given me by 
the Repsolds as below : 

Hanging Level; R. 1396; R. 1399 
OneDivision= 1\22 1".27 1\28 



Determinations have been made here as follows: 



Hanging Level: 












1883 Jan. 5 


1 " 


.20±0.012 


; t°— 44°; 


£j. S.H. 


from the circle . 


9 




.20 ±0.008: 


-42; 


(( 


« t( (( 


June 9-16 




.29±0.005; 


V . 


G.C.C. 


" Ast. Nach. No. 2490 


1884 Feb'y 7 




.28±0.009; 


-27; 


J. T. 


" Z. D. Micrometer. 


13 




.22±0.007: 


—20; 


J. T. 


" the circle . 


Feb'y 15 




.31 ±0.003; 


—15; 


J. T. 


" Z. D. Micrometer. 



Two determinations in January were made with the bub- 
ble attached to its frame. The determinations of June and 
February required that the level should be dismounted from 
its frame. It appears probable that this operation in June 
altered the bearings of the level bubble in the Y's of its case. 

The determination of June 9-16 was made by the method 
of Dr. Braun described in Ast, Nach. 2490. The level-con- 
stant of the circle has not been above 2 div. and the uncer- 
tainty in the value of the level-constant has therefore always 
been less than C* 01. 

R. 1396: — This level has not been changed in adjustment 
since it was received. The value of one division has been 
found: 

E.S.H. from the circle. 

(( (( (I n 



1883 


Jan 9. 


1" 


.31; 


t°— 42 




10. 


1 


.29; 


—45 




30. 


1 


.28; 


—47 



(( 



<( 



(( 



t( 



Adopted 1 .29 at 45° 

R. 1399 — This bubble was turned slightly in its Y's and re- 
adjusted in December 1882. The value of one division has 
been found: 



1883 Jan. 10. 1".41; t°=47° 
10. 1 .45 =47 
30. 1 .49 = ? 



E.S.H. from the circle 

It « H i( 



a 



ti 



it 
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An examination of this level in September 1883 led me to 
believe that the tube was under some slight strain and it was. 
removed from its bearings and readjusted. 

From three days (30 observations) Mr. Tatlock found: 

One division = 1 '. 225 + 0\ 01 (t~32°). 

It is clear that these levels require great care in placing 
them in their own Ys, in leaving equal portions of the ends 
projecting beyond the Ys etc. When this care is taken they 
give remarkably consistent results, and are truly instruments 
of precision, as so many levels are not. 

The hanging level gives the same value of the level con- 
stant as the nadir observation. 

Each collimator level is provided with a cross level. The 
most delicate of these has 1 inch=107''±. This seems to me 
too delicate. The level tubes are closed at the ends by melt- 
ing the glass itself. This should obviate all leakage. Each 
has an air chamber. The value of one division of the colli- 
mator levels can be easily determined by setting them astride 
of the tube of thl^. telescope and reading the levels as the 
telescope is moved in declination. Singularly enough, it is 
almost impossible to find a good way to attach the hanging 
level to the telescope or circles in order to determine the 
value of its divisions without detaching the bubble from the 
frame. In fact this was done January 5 and 9 by clamping 
a wooden axis to the upper part of the declination clamp, 
and removing the hand-circle to give room. By making two 
round surfaces on the handles which hold the illumination 
rods, the determination would have been made much easier. 
I have asked the makers to do this in a circle they are con- 
structing for the Lick Observatory. 

A very excellent device which cannot be explained with- 
out a wood cut insures that the levels should bear on the 
pivots with considerably less than their full weight. Inci- 
dentally this counterpoising gives a warning of the moment 
before the Vs of the level touch the pivots and insures care- 
ful handling. Clamping the telescope has no effect on the 
level. 
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EYE-PIECES OF THE MERIDIAN-CIRCLE. 

A box of five eye-pieceSj two sun glasses and a reflecting 
nadir cap (Bessel's form) was received from the makers. 
This last was especially ordered. The eye-pieces I have 
marked I, II, III, IV and V (diagonal). The powers and 
fields are as below: 

I power =-=68 field = 27'. 9 

II — 102 = 19 . 1 

III =144 =12.2 

IV =174 =9.2 
V =119 =10.9 

IV is generally used in observation. 

The sunshades screw on the eye-pieces instead of fitting 
{slipping) over the end. The dark glasses are also tightly 
reamed into their cells and will therefore eventually break. 
The eye-pieces were ordered to be made Steinheil achro- 
matics, They have been made after that formula, but the 
Jields are not flat. I have replaced IV by a genuine Stein- 
heil. 5 

THE OBJECT-GLASS AND ITS ADJUSTMEiNT. 

This was made by Alvan Clark <& Sons. It has a clear 
aperture of 4.80 inches, and a focus of 57.6 inches. The 
minimum visibile in a dark field is theoretically 12.6 mag. In 
a bright field it is practically 9.0 mag. with the spider-line 
recticle, and probably about 8.5 with the glass-recticle. 

In March 1883, while I was absent, Mr. Comstock fo- 
cused the objective on the images of the wires seen in the 
Nadir-box. After my return in July 1883, the instrument 
was employed only in A. R. observations until August. 
Daily determinations of the Nadir, etc., were made by Mr. 
Tatlock, assistant, as exhibited in the tables at the end of 
this paper. After August 28, to test the question of focal 
adjustment, the Nadir was determined in three ways at each 
convenient occasion: 

1st, with the whole aperture. 

2d, with the objective covered by a lune-shaped cap, with 
its aperture north. 
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3d, with the same cap with its aperture south. 

This cap was made from a piece of card-board which was 
first cut into a circle of the same size as the objective. Then 
a circle was described from a point of the outer curve of the 
pasteboard circle as a center, which had the same radius as 
the objective. Then the portion of the pasteboard lying be- 
tween the two circumferences, was removed. This left a 
lune-shaped aperture whose bounding curves were both con- 
cave towards its centre. This opening was turned alter- 
nately north and south. The results of the first determinations 
(August 28 — September 5), were regarded as unsatisfactory, 
(see the table immediately following) although the images 
of the wires were good, and the images of stars were not no- 
ticeably bad, though not entirely satisfactory. I then 
changed the focus slightly. The observations of September 
8, 11, 12, correspond to the change. I then arranged a mark 
south of the south collimator (a printed notice) so that it 
could be seen in the telescope of the circle after its rays 
passed through a large lens of ten inches focus. The cap 
was then moved so that the lune took the four positions, cap 
upy down, right, left, and the objective ^and its cell was so 
tilted that the image of the printed letters was the same in 
all positions of the cap, and also with the full aperture. I 
fouitd that the objective needed a very considerable change 
to produce this result. It then gave good images of stars. 
The measures of September 16, 19 and 21 were taken in this 
state of the objective. 

The first six measures give in the mean, T'ree objective 
minus i (Lune K 4- Lune S. ) = +0.'' 22. The last three give 
for the same quantity + 0." 03. At the time this was re- 
garded as a proof that the latter state of the objective was 
an improvement over the first, especially as the images of 
stars were then satisfactory. 

In April, 1884, however, I began a series of observations 
of the 303 fundamental stars of the Astronomische Gesell- 
schaft, and I found the images of stars were very unsatis- 
factory at this time, although there had been no change of 
the objective. An examination of the objective led me to 
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the conclusion that tilting it, by the insertion of pieces of 
card board between the base of the cell and the face-plate of 
the tube (which I had been obliged to resort to in the absence 
of adjusting screws for the cell) had slightly strained the 
lenses. The card board was at once removed and the cell 
was replaced in very nearly its original state. The images 
of stars were improved by tightening some of the screws 
of the cell and they are now (May, ISS'I^) tolerably good. 

A wing on one side of the image still remains, which could be 
removed in five minutes were the necessary adjusting screws 
available from the outside. The nadir points with the whole 
objective and from the means of the lunes now agree within 
0.''2 and considering the diflBculty of determining the nadir 
with the lune shaped aperture, I am now disposed to con- 
sider this satisfactory, which I was not at first. 

It is niy opinion that all objectives as large as 4.5 inches 
and tipwards should be mounted so that 3 binding and 3 
opposing screws (in pairs) are easily reached fronti the outside 
for their adjustment. No objective can stay in perfect ad- 
justpient forever, no matter how mounted. 

If then it has to be corrected, some convenient means for 
doing this should be provided. 
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We have not yet examined the question as to whether the 
Nadir point is the same when the telescope is turned from 
the north to the Nadir or from the south to the Nadir. 

To protect the mercury in the Nadir-box against currents 
of wind in the room, I use a screen of 2 joints of tin furnace 
pipe 12 inches in diameter, and find advantage from this. 

The Chicago, Milwaukee & St. Paul R. R. has a track 
within 1,200 feet of the observatory, and the passage of a 
train interrupts all reflection observations for 5 minutes. 
But little inconvenience has so far been experienced from 
this. 

ILLUMINATION OF THE FIELD OF VIEW IN THE DETERMINA- 
TION OF THE NADIR-POINT. 

The general practice is, I believe, to employ a cap over the 
eye-piece which has a plane glass reflector above it. The 
image of a lamp flame is reflected into the fleld and on this 
image the position of the reflected wire is measured. The 
field is of various brilliancy in different parts, owing to the 
reflection from the two surfaces of the glass, etc., and this is 
often annoying and always fatiguing to the eye. I have 
found that by interposing a screen of ground glass, or even 
one or two thicknesses of oiled silk, between the flame and 
the reflector, a uniformly illuminated field is obtained, and 
the improvement is so great that I think it worth while to 
mention it here, 

THE MICROMETER OF THE CIRCLE. 

The micrometer is, in general, a beautiful piece of design. 
To fully comprehend it, a figure should be given, which I 
have no way of producing here. The general principles of this 
form are the same as those which have been explained by 
Mr. David Gill, in Vol. II, of the Dun Echt observations, 
and more specifically in the Encyclopaedia Britannica, volume 
XVI, page 246, et seq. Figures 16 and 17 of that work give 
the essential features of our Z. D. micrometer. Figure 14 
applies to the micrometers of the microscopes. I entirely 
agree with Mr. Gill in his admiration for the very elegant 
design and workmanship of these instruments. I may there- 
fore content myself with pointing out some of the special 
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features of the exterior, and as usual, I shall speak most of 
the faults, as they appear to me. 

The R. A. micrometer has no way of counting whole revo- 
lutions. This is always an inconvenience, and will be espe- 
cially so in this case, where it is proposed to move the whole 
reticle (of glass) and to set it at the zero of coUimation. A 
simple comb-scale would have been suflScient. Both mi- 
crometer heads are divided to 100 parts, and numbered 0, 5, 
10, 15, 20, etc. That is, every fifth part is numbered. Expe- 
rience has shown that ten parts are easily carried in the 
head, and I cannot but think that this numbering will 
produce a number of errors of 0.05 revolutions in the record. 
After a trial of it,. 1 have had every number ending in 5 
painted over in black paint. 

The screw heads for giving the slide which carries the 
eyepiece a rapid movement, are particularly convenient. 
They consist of a small hexagonal head, which will move r 

quite freely and rapidly between the fingers. The same 
kind of a head has been applied to the clamp of the main 
circle in Z. D., and here it is a mistake. Such a form is 
admirable for a rapid and continuous motion, as in the mi- 
crometer, but not at all suited for a motion of a tenth 
of a turn, such as is required to clamp the circle. In the 
latter case the object of the makers was evidently to provide 
against too niuch power being used on the clamp. Both of 
the micronieter heads of the eyepiece end have these little 
hexagonal heads for the purpose of giving a rapid motion to 
the screws; and for the purpose of making the final, fine set- 
ting, they have also milled heads about one inch and a third 
in diameter. The R. A. micrometer is provided with a 
clamp by which it can be fixed in any position. The (single) 
zero mark on the index of the R. A. micrometer, and the 
corresponding marks on the indexes of two of the micro- 
scope-micrometers are straight lines, or nearly so, but they 
are put on to the indexes so that they must always be m- 
dined to the graduation. 

On the whole, this micrometer seems to me to be superior 
in design to any similar one that I have ever seen, and in 

3 
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particular it is better than the Pistor and Martins micro- 
meter in many essential ways. 

One revolution of the Dec. screw is 64/'527, which is fine 
enough. One revolution of the R. A. screw is 4'.295=64."43. 
Each screw has 10 threads to 4.55 millimeters. 

On Dec. 4 and Dec. 5, 1883, Mr. Tatlock and myself inves- 
tigated the periodic errors of the Z. D. micrometer for every 
tenth of a revolution from 4.0 to 15.0, by Bessel's method. On 
Dec. 4 a constant space of about 0.5 revolution was measured, 
and on Dec. 5 a space of 0.25 rev. The results showed 
the maximum periodic error to be not more than 
0".05. This is less than the least reading of the head 
(0'00I=0".06) and less than the accidental errors of set- 
ting, and it will not be taken into account. This result has 
somewhat surprised me, as the form of mounting gives the 
errors of the screw their full value, the excellence of this 
form consisting in the fact that these errors, whatever they 
are, are constant. This determination will be repeated. 

VALUES OP ONE REVOLUTION OF THE RIGHT ASCENSION AND 

ZENITH DISTANCE MICROMETER. 

4 

Four series of determinations of the value of 1 revolution 
of the Z. D. micrometer have been made. 

I. Made by Mr. Comstock on April 1st and 27th, 1883. The resulting 
value, from seven determinations, is, 1 re v.=64". 4799 ±0". 0026. 
II. Made by Mr. Comstock on June 22d and 23d, 1883. The resulting 
value, from ten determinations, is, 1 rev.=64". 5023 ±0*. 0044. 

III. Made by Mr. Tatlock on July 14th and 16th, 1888. The resulting 

value, from ten determinations, is, 1 re v. =64". 4721 ±0'. 0057. 

IV . Made by Mr . Tatlock on Sept . 24th, 25th and 27th, 1883 . The result- 

ing vale, from twenty determinations, four of weight i, is, 1 rev. 
=64". 5215 ±0". 0075. 

Between the times of these determinations the focus of the 
telescope was changed, and in order to combine the above 
values it is necessary to apply a correction to the first three 
in order to reduce them td the same focus with which IV was 
determined. The focal length of the telescope is taken as 
56.9 inches, the approximate value of 1 rev. of the screw is 
64". 5. I. requires to be corrected for a change of the focus 
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of 0.06 inch, and II. and III. for a change of 0.03 inch, the 
focus having been shortened 0.06 inches in all. 
The corrections to I, III and II, computed from the formula, 

are then 

I + 0\0680 

II + .0340 

III + .0340 

The corrected values of the four determinations are: 

I 64 " . 5479 ± 0" . 0026 weight 1 

II .5363±0 .0044 " 1 

III .5061 ±0.0057 " 1 

IV .5215±0 .0075 *' 3 

The adopted value of 1 rev. of the Zenith Distance mi- 
crometer is: 

64'. 527 ±0'. 0025 

In March April and May 1883, Mr. Comstock determined 
the value of 1 revolution of the A. R. micrometer screw, 
from thirty transits of circumpolar stars to be: 

4!2904±0.''005 

As these determinations were made with the same focus 
as series I of the Z. D. micrometer, and as the values of the 
two screws are about the same, this value of the A. R. screw 
requires the correction of 

+ o!o0045 

The adopted value of the A. R. micrometer is 

lRev.=4!295±o''.00O5 
RETICLES OF THE MERIDIAN-CIRCLE. 

The Repsolds have, as has been said, an insuperable ob- 
jection to glass reticles, and they inserted spider lines, be- 
sides providing for the glass reticles which Professor 
Rogers ruled for me. None of the glass lines were filled with 
plumbago by the Repsolds. One serious objection to glass 
reticles is that, so far as I practically know, a dark field and 
bright wires can not be obtained. In every other respect they 
seem to me immeasurably superior to spider lines. The wires 
are far finer. For example: the spider lines of Repsold are 
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at least three times as thick as the lines of my glass reticle, 
which (when they are filled with black lead) are of a 
beautiful fineness, evenness and distinctness. Any 
amount of work can be put on determining the intervals 
of a glass reticle, tables may be constructed for these in- 
tervals at each 10' of declination, and so on, since one is sure 
that it can never be broken except by gross carelessness, 
whereas spider lines change their distance from time to 
time (see Leyden observations, I p. xcvi for one example), 
and they perpetually need attention to keep them free of 
dust, and they are certain to be broken sooner or late. 

The operation of replacing them is not easy, even if one 
has a suitable web. One glass reticle ought to last a hun- 
dred years. For reticles where inclined lines, two lines at 
an angle, etc., are required or convenient, as in some forms 
of collimator reticles, the glass wires have a greater advan- 
tage even. 

i)ETERMINATION OF THE THREAD INTERVALS OF THE RETICLES, 
BY MISS ALICE SANBORN, STUDENT IN ASTRONOMY. 

*The spider line reticle consists of two fixed horizontal guide 
wires and three parallel threads movable with the declination 
screw, also 27 fixed perpendicular threads, with one mova- 
ble thread attached to the Right Ascension screw. For 
convenience I have lettered the groups of wires from A to G, 
beginning at the side nearest the Right Ascension screw. I 
have also numbered the wires of each group, in a like man- 
ner, from 1 to 3, 4 or 7, as the case might be. In the f oUow- 
measurements of the thread intervals the groups A and G 
are omitted because the movable thread cannot be brought 
to them. The coincidence numbers are the mean of two 
readings which indicate the contacts on both sides of the 
threads. Five sets of determinations were taken, no two of 
them upon the same day. Each set consists of 5 coin- 
cidences upon each of the 21 threads. So that the mean 
micrometer reading for each thread is a mean of 25 deter- 
minations. The measures were all taken in the daytime, the 
eyepiece being removed from the telescope and directed 
towards a window. The screw, when the readings were 
made, was always placed in the same position with reference 
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to the direction of gravity. The settings were made by 
increasing readings of the scale and between the horizontal 
guide wires. 

The measures were taken between December 1st and 20th, 
1882. The temperature where the micrometer stood during 
that time, ranged from 58° to 73° F. 

The result of the investigation is summed up in the fol- 
lowing table: 



Thread. 


Mean reading of 
micrometer. 


Distance from Mid. 
thread (D4) in 
screw revolutions. 


Thickness of thread 
in screw revolu- 
tions. 


F4 


0.592±0. 00063 

1.057±0. 00066 

1.527±0. 00095 

2.006±0.00099 

3. 878 ±0.00064 

4.348±0.00064 

4.822±0.00071 

6.704±0.00039 

6.930±0.00054 

7.170±0.00037 

7.642±0.00039 

8.116±0.00037 

8.355±0.00037 

8.606±0.00039 

10. 472 ±0.00058 

10. 938 ±0.00074 

11. 406 ±0.00120 

13.302 ±0.00083 

13. 776 ±0.00062 

14.239±0. 00058 

14.718 ±0.00101 


— 7.050±0.0007 
— 6.585±0.0007 
— 6.115±0.0014 
— 5.636±0.0010 
~-3.764±0.0007 
— 3.294±0.0007 
— 2.820±0.0008 
—0.938 ±0.0005 
— 0.712±0.0006 
— 0.472±1.0005 


0.0239 + 0007 


Fa 


0.0240±0 0005 


F., 


0.0242 ±0.0005 


F, 


0.0249±0.0005 


1 ••••••••••• 

E, 


0.0242 ±0.0009 


^^i ..••• 

Eo 


0.0244 ±0.0008 


E, 


0.0240 ±0.0007 


D, 


0.0241 ±0 0006 


7 ••••••••••• 

Dfl 


0.0232 ±0.0009 


•••• 

D5 


0.0245 ±0.0009 


D4 


0.0239 ±0.0009 


I>8 

Dj 


+ 0.474±0.0005 
+ 0.713±0.0005 
+ 0.964±0.0005 
+ 2.830±0.0006 
+ 3.296 ±0.0008 
+ 3.764±0.0012 
+ 5.660±0.0009 
+ 6.134±0.0007 
+ 6.597±0.0006 
+ 7.076 + 0.0010 


0.0249±0.0()06 
0.0237 ±0.0009 


D, 


0.0243 ±0.0005 


Cg 


0.0242 ±0.0005 


Ca 


0.0234 ±0.0005 


Ci 


0.0222 ±0.0006 


B4 


0.0226 ±0.0007 


Ba 


0.0225 ±0 0005 


Ba 


0.0231 ±0.0006 


B, 


0.0230±0.0003 


"*^i ••••••••••• 
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These may be reduced to arc by the relation : 



a 



One revolution = 4.295 in time. 

= 64. "43 in arc. 



The glass reticle was ruled by Professor W. A. Rogers. 
It has 21 lines arranged in 5 groups of 1, 3, 13, 3, 1 lines; 
these groups are called L; M; O; P; Q. The equatorial 
intervals, as measured with the micrometer screw are: 



I 



Q 


— — 20.06 


Pa 


— 12.03 


P. 


— — 10.10 


Pi 


-— 8.04 


0,3 


-— 4.04 


0,0 


— 2.02 


0, 


= — 0.00 


O4 


= -f 2.01 


0, 


- + 3.93 


M3 


— + 8.02 


Ma 


— + 10.04 


M, 


— + 12.06 


L 


— + 20'. 10 



The spaces between Oi 
and O4, O4 and Oy, O7 and 
Oio, Oio and O13, are di- 
vided into 3 equal parts 
by short intermediate 
lines. For Polaris these 
smallest intervals corres- 
pond to about 30'." 



THE DECLINATION CLAMP. 

The cut will give a better idea of this than any description. 
One turn of the slow motion in Declination is 4' on the circle. 
The clamp is radial, and its head is hexagonal 0.5 inch in 
diameter. This head is too small, and I have made it larger 
by wrapping a wide rubber band about it. Clamping or 
unclamping has no effect on the pointing, as there is an 
adjustment by which the slack motion can be taken out. 

THE ILLUMINATION OF THE FIELD OF VIEW. 

The handles for controlling this are on the side of the 
telescope opposite to the clamp in declination. Both bright 
and dark wires are provided for. When the eye and object 
ends are interchanged, no change is necessary in the illumi- 
nation arrangements. At least this was the intention of the 
makers. The probability is, however, that the changed 
adjustment of the objective will necessitate a change of 
this sort. 
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Within the cube is a frame carrying two mirrors. This 
frame is movable by the handle for bright wires. With circle 
east the beam from the west lamp is reflected by the west 
mirror to a small circular mirror (0:43 inch in diameter) fas- 
tended to the inner surface of the objective, and from 
this toward the eye-end, giving a bright field. If bright 
wires are wanted a few turns of the bright wire handle 
reverses the mirror-frame and turns the west mirror out of 
the way of the beam from the west lamp. This beam then 
falls on the east mirror and it is reflected to prisms on each side 
of the tube near the eye-end, which light the wires sym- 
metrically. Each mirror is adjustp,ble, and the angle through 
which the mirror-frame rotates is also adjustable. I do not 
know how the illumination is modified in intensity, as the 
apparatus is concealed in the cube. It is probably quite 
. simple. 



THE AXIS. 

The axis consists of one piece of brass {gun metal?) with 
steel pivots in each end. In the center of the axis is the cube, 
6.9 inches on each edge. Next to the cube, on each side, is a 
narrow cylindrical band, which holds the Dec. clamp on one 
side and the illumination handles and two counterpoises to 
the clamp on the other. Beyond this is a conical axis J F, 
J being nearest the cube. The diameter at J on the clamp 



40 PUBLICATIONS OF 

side is 5.34 inches, on the other 5.36 inches. (CI. — ^ O = — 0.02 
inches) The diameter at F is clamp side 4.26 inches, other 
side 4.23 inches (CI. — O = + 0.03). Beyond F is a cylinder 
E, on each side, which takes the rolls of the counterweights. 
The diameters on both sides are 5.96 inches. (CI. •— O = 0.00). 
The distance from the centre of the cube to these rolls is 9.3 
inches; from the rolls to the centre of the bearing surface of 
the pivots, 5.2 inches. The two circles fit on two slightly 
conical surfaces C, and rest flat against the outer surfaces 
of E. 

The diameters of C where it joins E, are 4.25 inches on both 
sides (CI. — O = 0.00). Beyond C is a conical solid Y Z, Y 
being nearest the cube. The diameters at Y are, clamp side 
3.40 inches, other 3.34 inches, (CI. — O = + 0.06 in.) The di- 
ameters at Z are, clamp side 3.05 inches, other 3.00 inches, 
(CI. - O = + 0.05 in.) Beyond Y Z is a cylinder D. of the di- 
ameter 3.21 inches on both sides. Into D the pivots are in- 
serted. The apertures in the cube are 3.1 inches in diameter; 
the collimator objectives are 2.7 inches. 

THE TUBE. 

The tube is made of two sections of heavy brass, bolted 
to the cube by eight screws at each section. Each section is 
22.8 inches long, the cube being 6.9 inches. Both ends are 
alike, and the cell of the objective, or the eye-piece can be 
screwed (by three screws) to either end. The 16 capstan- 
headed screws which bolt the tube to the cube have holes 
of different sizes. Eleven of them will take the capstan bar 
sent by the Repsolds, and the rest require a smaller bar! 

THE PIVOTS. 

The steel pivots are beautifully polished, with bearing sur- 
faces 0.9 inches long. Beyond these, nearer the cube, are 
two unpolished surfaces 0.6 inches long. These last allowed 
the grinding tool to pass completely off the pivots proper. 
I have never seen work of the kind more beautiful to the 
eye. The pivots are protected from dust by brass caps, 
which are removed for level determinations. 

The circle is raised and the pivots examined every Mon- 
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day. At first I allowed the pivots to run dry. They are now 
covered with fine watch-oil. 

During the winter of 1882-3, one of my students, Mr. C. 
M. CoNRADSON, of the University of Wisconsin, made a very 
extensive and careful set of measures of the pivots A. and 
B. A is the pivot next the clamp. 

The measures were made with a caliper constructed by 
Fauth & Co., of Washington, from the designs of Prof._ 
Harkness (Mon. Not. R. A. S. vol. 38, p 487.) 

A figure of this is given on the next page. 

In the first place, the pivots were proved to be circular, by 
measures of diameters inclined by angles of 45°. Each 
pivot was accurately circular. The pivots are very approxi-. 
mately 1.333 inches in diameter. 

To determine whether the two pivots were of the same 
diameter, the following measures were made by Mr Con- 
RADSON. Each line in the table represenffe 10 measures on A. . 
and 10 on B. There are 200 in all. The measures of each, 
day are given in the following table. + in column 4 indi«. 
cates Clamp Pivot too small. 



1882. 


• A. 

Revolutions . 


B. 
Revolutions. 


A— B. 

Revolution^. 


December 7 


0.006389 
6312 
6400 
6398 
6380 
6369 
6300 
6336 
6340 

0.006382 


0.006383 

6386 

6399 

6414 

6368 

6360 

6367 

6367 

6354 
0.006379 

Mean 


+0.000006 


7 


— 74 


8 

11 


+ 01 
- 16 


11 


+ 12 


11 


+ 09 


12 


+ 67 


12 


- 31 


12 


- 14 


12 


+ 0.000003 








0.0000171 



Let 2i=the angle of the Ys of the caliper«=90''. 

n=the difference of the spherometer readings on. the 

rev. 

pivots A and B=0.0000171. 
r^, r^^the radii of the pivots. 
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Then the inequality of the pivots expressed in revolutions 
of the spherometer is 

r— r — °-?i°! 
1+sini 

^0.414 n in the present case. 
=0.000007 revolutions. 

One revolution was 0.010017 whence the indicated differ- 
ence of diameters of A and B is 0,000,000,07 inches. 

It is clear that there is no measurable difference in these 
pivots. They are, like nearly every other essential part of 
the instrument, very near to mechtwiical perfection. 



Each circle fits neatly on its bearing (the divided circle 
the tightest) and is kept in place by a plate or ring of brass 
which is held by four screws which do not touch the circle 
itself. Thus the circles can be moved on the axis and they 
are under no strain. Each circle has eight spokes and the 
microscope bearers have six. As far as I can see the flexur e 
of the circles would be less if they were composed of single 
plates. One circle is divided on silver to 2'. The marks for 
■each degree and for 30' are of one length; those for 10' are 
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shorter; and those for 2', 4', 6' and 8' are shorter still. The 
divisions are extremely neat sharp and regular in appear- 
ance. The width of each division is about 11". The width 
of the divisions of different circles (of various diameters) 
vary considerably. Pistor & Martins' circle at Washington 
has divisions 4:" in width. The Harvard College Circle has di- 
visions 12'' wide. The Repsold circle at Moscow has divisions 
5'' wide. I presume the more oblique illumination of the 
PiSTOR & Martins' circle to have something to do with the 
difference, although the divisions themselves are really far 
narrower. The probable error of a single microscope setting 
is 0''.16. This is the same for the long as for the short divis- 
ions, at least for myself. Each degree is numbered (this had 
to be especially ordered) and the numbers are wrong side up. 
The numeration increases like that of the face of a watch. 
The diameter of the division is 0".55=21.65 inches. 1°=0.189 
inches; 2'=0.0068 inches. It required 58 hours to divide the 
circle. 

The division itself is on a narrow band of silver whose 
surface is approximately flat. On each side of the band is a 
continuous groove extending all round the circumference. 
This is probably intended to receive dust, etc., and to keep 
it away from the divisions. 

The circle was not critically examined throughout its arc, 
until some time had elapsed since the mounting of the in- 
strument. When it was examined (January, 1883) I found 
a large number of places on the divided limb which showed 
fine scratches usually not visible in the reading microscopes 
however. I am not certain, of course, that these were not 
made here, but the divided circle was not put on the axis 
till December 1882, and since that time it has been very 
carefully treated. It was only removed from its box at the 
time of putting it on. No one of these is more than the 
finest line, and as I said only one or two are visible (even) in 
the reading microscopes. I have made a list of the places 
where they occur, and can by consulting this see if sim- 
ilar ones are produced in the future. 
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THE HAND-CIRCLE. 

This is of round brass tubing made in two halves, which 
are bolted to squared surfaces on the holder for the illumi- 
nation-handle. 

At first the circle was often moved in Z. D. by taking hold 
of the eye-end of the tube. Now, the invariable practice is 
to move it by the hand-circle, and it appears that this custom 
has slightly improved our declinations. 

COUNTERPOISING. 

The counter weights (four in number) are held by two 
levers over the Vs, which rest on knife edges. They have 
been so adjusted (by a spring-balance) as to leave nearly 12 
pounds pressure on each V. In this state, a weight of about 
one pound applied to either end will just keep the telescope 
moving. The whole friction is in the Declination arm. If 
this is put out of gear a few ounces will move the telescope. 

CHAINS FOR HOLDING THE COUNTERWEIGHTS. 

A criticism which has been made upon the style of micro- 
S3ope holders adopted by the Repsolds, is that during rever- 
sals the weights above the piers are quite differently disposed 
from common. To obviate this objection, the makers pro- 
vided two chains which fasten to the wooden casings (to 
the W. side of the E. pier and to the E. side of the W. pier), 
and extend vertically upwards to take hold of two eyes in 
the under sides of the hooks which hold the friction-rolls. 
The idea seems to be excellent, but it is a fact that few 
circles are reversed oftener than once a month, and in my 
own case I do not propose to reverse oftener than four times 
per year. In order to be ready for such occasions these 
chains have to be kept hanging to their fastenings where 
they are very much in the way, or else they must be newly 
adjusted for each reversal. 

By reversing at the end of one night's work, the piers, etc., 
will have plenty of time to settle to new and permanent 
bearings before the next observation. Therefore I have (at 
least for the present), left off these chains, in order to 
have the space between the piers clear. 
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THE PIERS FOR THE INSTRUMENT AND COLLIMATORS. 

A plan and an elevation of the piers was furnished by the 
Hepsolds and exactly followed throughout. 

The order of work was as below: A meridian line was 
marked on the north and south walls, and perpendiculars to 
this were marked on the east and west walls. A full size 
section of the piers was drawn on the west wall and centres 
carried across to the east wall. The foundations for the piers 
of the PiSTOR and Martins Transit belonging to Professor 
Watson, were already laid, and these were utilized 
as a basis for the piers of the Repsold meridian circle. 
7' 4'' below the floor a thin bed of concrete had been 
laid (about 2^" thick). This rested on a level bed of the 
fine buil(iing sand of which the hill is composed. On 
this concrete was a mass of rubble stone 2' 6" high, by 
4' 6" wide (north and south), by 8' 10'' long (east and west). 
On this was a mass of solid brick-work (white Waterloo 
brick laid in cement), 2' 0' x 4' 6'' x 8' 6\ Above this was a 
single granite block, 10' x 4' 6''.x 8' 6". Up to this point no 
new work was done. The surface of this stone was cleared 
off and 3 courses of hard red brick were laid on it. The east 
-and west dimensions were about 8' 4". The height was 10". 
The width at bottom was 3' C/, at top 3' 0". The top was 11'' 
.below the floor level. 

This whole foundation was surrounded by an open pit 
some 16'' wide whose bottom was 7' 4" below the floor. A 9" 
brick wall surrounded this pit. No collimator piers were 
.provided for the old Transit Instrument and these were there- 
fore entirely new. The foundations for the collimator 
piers start froiu a plane 8' 9'' below the floor and are based 
on a bed of concrete 5'' thick. On top of the concrete (which 
does not touch any of the walls of the building, nor any of 
the walls of the well around it) three courses of red brick 
are laid with the sides vertical. This block is 10'^ X 4' 6' X 4' 
9''. Above this is a frustum of a pyramid 4' 6" square at the 
bottom and 3' 3" square at the top. The top is 11'' below the 
; floor level. Each collimator foundation is in a well, sur- 
.. rounded by a 9" brick wall, whose bottom is 8' 9" below the 
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floor and whose top is 2' 0" below the bottom of the flooring^ 
joists, which are supported on this cross wall. The piers of 
the instrument and of the collimators are thus insulated 
from each other. Perhaps in such a soil as ours, fine building^ 
sand, as was said, this is the best disposition; but at any 
rate it was necessitated by the nature of the case. The 
foundations were thus brought to a level surface ll'' below 
the floor, and on these the piers were constructed from the 
plans furnished by the Messrs. Repsold. 

Each collimator foundation contains 3,072 brick; the bricks 
weigh 4.48 pounds; and thus each collimator pier foundation 
weighs 13,760 pounds or nearly seven tons. 

The foundations for the two collimators, and the single 
foundation of the two piers of the instrument having been 
brought to one level, the tops of these foundalSons were 
coated with a thin layer of plaster of Paris, and on this 
layer an accurate plan of the base of each of the four piers 
was drawn. The meridian and the prime vertical were also 
accurately laid down. Over the foundations a flrm scaffold- 
ing was erected and frames for each of the piers were built; 
and the brick work was made to fit these frames. The piers 
themselves were buili of hard, selected red brick, taken 
from near the arch of the kiln. Only Portland cement was 
used in their construction. All joints were broken, and every 
fifth course was a heading course. In each course, each 
'brick of either of the two collimator piers or of the two in- 
strument piers, has another brick in the corresponding colli- 
mator or instrument pier, symmetrically situated with respect 
to the meridian and the prime vertical. This applies even to 
the pieces which are less than the dimensions of a whole 
brick. That is, if you select any particular brick, either 
whole or cut, in any course of the north collimator pier, 
whose center is a inches north and b inches east of the cen- 
ter of the mercury basin, you can find another brick or part 
of a brick, of the same size as the first, in the south collima- 
tor pier, whose center is a inches south and 6 inches west 
of the center of the mercury basin. It was found to be 
quite as easy to build in this way as in any other. The piers 
of the instrument are similarly laid. The dimensions of the 
piers are as follows: 
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The piers for the instrument are 59.06 inches high (above 
the floor) ; those for the collimators are 66.73 inches. The 
dimensions of the piers of the instrument, on top, are 19.69 
inches square. Eleven inches below the floor they are 33.07 
inches square. The collimator piers on top are 31.89 inches, 
(north and south) by 15.75 inches (east and west)* Eleven 
inches below the floor they are 33.86 inches (north and south) 
by 33.07 inches (east and west). The distance from the cen- 
ter of the circle piers to the nearest faces of the two collima- 
tor piers is 70.87 inches. Each pier has a wooden casing 
made of alternate strips of white pine and black- walnut about 
f inch thick. Each case is made in four sections, screwed to- 
gether at the angles, and confined at the top by a cornice of 
walnut. At the bottom each section is screwed to a batten 
fastened to the floor. The inside of these cases is lined with 
tarred paper tacked to each section. Each instrument pier 
was covered with double face canton flannel confined round 
the top by thin wooden strips and cut in four pieces hanging 
loosely down each face of each (instrument) pier. Each of 
the four piers was also protected from change of air by a 
strip of flannel several times doubled, one edge of the strip^ 
being tacked to the floor, the other edge lying loosely against 
the bottom course of bricks. 

These precautions enable us to preserve a layer of the best 
non-conductor, unchanged about the surfaces of the piers... 
To show how efficient this simple plan is, I cite the following 
experiment : I had a mass of smoke-producing material put 
in an open pan in the cellar below the piers for the instru- 
ment and lighted. Volumes of smoke were produced and 
maintained. These would instantly rush up through any 
opening made in the floor itself, but 2i minutes was re- 
quired for the slightest sign of smoke to manifest itself in 
the open space between the top of the piers and the cornice 
of the wood cases. Practically we may say we have a con-^ 
stant layer of air confined about these piers. After some 
six months trial it was found that the collimator piers (which 
were not wrapped in flannel) were much drier, and that 
their wooden cases had warped less than those for the in- 
strument; and the cause of this was believed to be that the^ 
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flannel absorbed and retained the moisture of the air in the 
cellar. The flannel wrapping was removed (December 1882) 
and additional folds of it were tacked to the flooring joists 
around each of the instrunient piers, so that the loose ends 
of the flannel rested against the bases of the piers. 

THE OBJECT GLASS AND ITS CELL. 

The objective is by A. Clark & Sons. Its clear aperture 
is 4.80 inches — 132 millimeters. Its focus is about 57.6 
inches. The inner cell which holds the objective, is held to 
the outer cell which goes into the objective-end by 3 screws. 
Two steel springs push a loose block of the outer cell towards 
a bearing surface opposite. If the springs alter their tension 
with changes of temperature the change in collimation will 
T3e in declination only. The Nadir Point and not the col- 
limation constant will be affected. In fact the Nadir-Point 
does change with changes of temperature. Two screws are 
provided which screw into the object-end and serve to handle 
it by. When they are removed the cap will cover the cell. 

The two cells (inner and outer) above described fit into 
^hat I have called the object end. This is fastened by 3 
«crews to the face-plate of the tube, and it is interchangeable 
(in five minutes) with the eye-end. 

ARC FOR SETTING THE CIRCLE. 

Following the example of Professor Rogers of the Harvard 
College Observatory, I have had a wooden arc 34.7 inches 
long, 3.6 wide, screwed flat against the wooden casing of the 
east pier. The radius of the arc is about 60 inches, and it is 
to be read by a long pointer (counter- weighted.) The arc 
itself is made of three thicknesses of veneer, to prevent 
warping; the two outer ones are of seasoned maple, the 
middle one of curled French walnut. 

MICROSCOPES. 

There are 8 microscopes, 4 for each pier. They have been 
numbered I, II, III VIII here, since it is necessary to dis- 
tinguish them. The microscopes are 23.5 inches long. They 
are made of iron, with brass micrometers. They are held to 
the bearer by two iron clamps, one at each end. The clamp 
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nearest the objective can be loosened from the microscope; 
the other not easily. The former has 3 opposing screws (2 and 
1), by means of which the adjustments are made, when the 
(single) screw of the eye-end-clamp is loosened. The focus of 
the objective can be changed; and by means of two opposing 
screws in the iron tube the microscope objective can be 
moved across the tube, so as to bring the image of the divis- 
ion to the cross wires. Thus the microscopes are very 
easily set just 90° apart. The objective is covered from dust 
by a little sliding cap. The micrometer can be rotated, 
and after rotation it can be fixed in position. The steadi- 
ness of the microscopes can be seen in the table of micro- 
scope distances at the end of this paper. The microscopes 
magnify 36 diameters. The probable error of a single set- 
ting is ±0''.16. The micrometer head is divided into 60 parts. 
One part =1". The screws have ten threads to each 2.05 
millimeters. The head is numbered at every 5th part, thus 
20, 25, 30, 35, etc. This plan is certainly not a good one. The 
numbering should be at every 10th division. I have covered 
every 5th number with a small square of black paint. The 
field of view of the microscope covers about 49' on the circle. 
It contains one fixed wire to mark the center of the field, 
and two pairs of moveable wires A A' and BB' perpendicu- 
lar to the fixed wire. The distances AA' and BB' are about 
30". The width of a division is about 11''. The middle of 
AA' is W{=li revolutions) from the middle of BB'. A 
comb scale of five teeth counts the whole revolutions. Ten 
revolutions is the middle tooth, and 12, 11, 10, 9 and 8 revolu- 
tions are marked. The pair of wires nearest the divided 
head is alone used in our practice. 

By this arrangement of the wires, first suggested by M arth, 
{Ast, Nach,y 1262 q. v.,) the errors which return once in a 
revolution can be eliminated in a simple manner. The pair 
of wires A is to be brought successively over two circle- 
divisions to the right (say) of the Zero of the comb scale, and 
the pair B successively over the two divisions to the left. 

An examination of the microscopes V and VI showed tha;t 
the periodic error was quite below the accidental errors of 

4 
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reading. The other microscopes have not yet been investi- 
gated. 

The 8 microscopes are marked I VIII. 

When the circle is east midtoscopes I IV are em- 
ployed and the reading of the circle increases from I to IV. 

I is the lower northern microscope 

II is " " southern " 

III is " upper 

IV is " " northern 

For circle west: the reading increases from V to VIII; — 

V is the lower southern microscope; 

VI " " " northern '' ; 

VII " " upper " " ; 

VIII '' " '' southern " ; 

In both positions of the circle the following scheme gives 
the divisions under each microscope. 

Setting ) I. ) 11. ) III. ) IV. ) 

Microscope. \ V. [ VI. f VII. f VIII. f 

Z ) Z~44°) Z + 46° ) Z+136° ) Z+226° ) 

Circle East] The south stars have the greatest reading; 
Circle West; The south stars have the least reading. 

ADJUSTMENT OF THE MICROSCOPES. 

I. The microscopes should be 90° apart. This is effected 
by moving the clamps holding the eye and object end of 
each. 

II. Two revolutions of their heads should be 120". This is 
effected by moving the eye-end out or in, and focusing on 
the circle; at the same time moving the objective. 

III. The line joining the zeros of each pair of microscopes 
should pass through the axis of the meridian circle and the 
plane containing the line and axis should contain the optical 
axis of the microscope. This can be tested by moving the 
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axis bodily east and west, and the Repsolds have provided a 
slow motion screw which moves the end (contact) levers 
which abut on the ends of the pivots. When the circle is 
east, loosen the clamping screws to both the contact-levers, 
and move the slow-motion screw of the east one. If the ad- 
justment is not correct, a parallax is produced which must 
be eliminated. 

ILLUMINATION OF THE MICROSCOPES. 

This is the best I have ever seen; and the only illumination 
which can be said to be perfectly satisfactory. The beams 
from the lamps fall on four mirrors (adjustable) symmetri- 
cally disposed about the axis of the instrument on the frame 
of the microscope bearers. 

These mirrors throw beams upon four other mirrors, one 
fastened to each microscope. Each of these latter mirrors 
throws its beam along the axis of its microscope on the 
graduated limb. The beam from the lamp opposite to that 
which lights the microscopes, goes directly into the axis of 
the circle to light the field of view. A part of the beam from 
the lamp illuminating the microscopes is reflected down by 
two fixed reflectors to illuminate the fleld of view of the set- 
ting microscope, and it directly illuminates the heads of the 
micrometers, thereby saving all the annoyance of hand 
lamps. This illumination is so simple and so good that it 
should take the place of every other. 

It should be mentioned that the shadow of the bolt let in 
each brick pier and of the nut (on this bolt) which fastens 
the pier-head to the pier, is necessarily thrown on the mirror 
for illuminating the setting microscope. If a hole had been 
countersunk in the plate below the nut, the quantity of light 
available would have been greater. I have remedied this 
difHculty by sawing off part of the bolt and by covering one 
of the metallic mirrors with a piece of looking-glass. 

SETTING MICROSCOPE. 

This rests in Ys which are fixed to the east or west pier- 
head, and the microscope is shifted according as the circle is. 
east or west. 






52 PUBLICATIONS OF 

It has two prisms in its center that reflect the rays moving 
east (say) from the limb towards the north and south, and the 
two eyepieces view the limb. The field of view is 2° 10', and 
as every degree is numbered, two degree numbers are always 
visible, and hence one is sure of the direction of increasing 
graduation, and can read between two marks. The illumin- 
ation is perfectly simple in principle, and in practice it has 
been made satisfactory, as just explained, by replacing one 
of the metallic mirrors by a silvered glass reflector. 

When the circle arrived I did not take the setting micro- 
scop© apart, but by a slight adjustment I fixed the setting 
microscope prisms so as to make the reading the same when 
the observer was looking north or south. Since July 1st Mr. 
Tatlock has used the north end of the setting microscope 
exclusively, so that it was not until December, 1883, that I dis- 
covered that the two settings were several minutes different, 
and was led to take the microscope apart, and to discover 
what seem to me radical defects in its design. As these are 
important, I will briefly indicate them. The two tubes of 
the north and south halves of the setting microscope end in 
a cubical box of brass, which contains the two prisms which 
reflect the light from the limb of the circle towards the 
north and south. Each prism rests at one end (which I shall 
call the pivot end) on a little strip of tin-foil; at the other 
end it rests on the point of a small brass screw (the adjust- 
ing screw). The head of this screw can be reached from 
the outside of the cubical box. Moving it in rotates the 
prism about its pivot edge. Both prisms are pressed down 
upon the adjusting screws and the tin-foils by a piece of 
sheet brass bent in the form of a V, which is put in the 
cubical box at the part furthest from the circle. The point 
of the V rests upon the back of the box (which can be re- 
moved); the legs of the V rest on the points of the prisms. 
The two prisms have their sides ground and move with 
considerable friction on each other. A set-screw through 
the top of the cubical box clamps the top prism upon the 
bottom prism, and the latter against the bottom of the box. 

In the figure B is the adjusting-screw, A is the pivot-end, 
P is one prism, OC is the circle-limb, and D is the back of 
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the box. The V-shaped spring has the point of the V against 
the middle of D, and one leg rests on a. 

To use the adjusting-screws on the outside, you must 
loosen the set screw; the prisms will now slide upon each 
other, but not freely, since their adjacent surfaces are ground. 
A movement of the adjusting-screw is opposed by the very 
unsatisfactory spring. Withdrawing the screw should pro- 
duce a motion of the prism, but usually does not. Suppose 
that one prism A is adjusted and the other B is out. The 
process of adjusting B is this. The set-screw is loosened. 
The adjusting-screw of B is moved a little way. If the 
motion of B is in the right direction then one is fortunate 
and goes on. One observer must watch A, while the other 
adjusts B and watches it. Usually A is moved from the cor- 
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rect reading before B arrives at it. Then th^ adjusting- 
screw of A must be touched, and so on. Finally, clamping 
the set screw destroys the accuracy of hoth adjustments; 
which have to be so made that a clamping of this screw 
will complete them — an uncertain task. These are real de- 
fects. Add to this that the slightest over pressure on the 
screws chips the delicate edge of the prisms, as I found to 
my cost. 

In any event the edges of the prisms should be protected 
by a small shoe of sheet brass; the two prisms should be 
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separated by a thin diaphragm of sheet brass fixed to the 
sides of the cubical box; and each should have its own set 
screw. If this is not done, then every circle should have 
an extra setting microscope to be used in case the regular 
one is out of order, as it is sure to be at sometime. 

In our circle, I have had a small brass shoe put on the edge 
of the prism at the point where the adjusting screw presses. 
The tin foils at the pivot ends have been replaced by brass 
plates of the same thickness as the shoes. The north eye- 
piece of the setting microscope (circle east) has been replaced 
by a cheap filar micrometer with one moveable wire. We 
can now adjust the setting-microscope readily as follows: 
First, prism A is moved until the image of the required cir- 
cle division falls on the fixed wire of eye-piece A; and then 
the movable wire of eye-piece B is placed on the image of 
the same circle-division, whenever it may happen to fall in 
the field of view. Finally, the single spider lines of the two 
eye-pieces have been replaced by thin plates of mica, whose 
blackened edges make a much better fiducial line than the 
faint spider thread. The setting microscope, with these 
changes, leaves nothing to be desired. . 

STEPS FOR READING THE MICROSCOPES. 

At my request the Messrs. Repsold sent me the drawings 
of steps for reading the microscopes. It is not necessary to 
give the dimensions here, but I wish to say that these are 
very convenient, both for reading all four microscopes, or for 
zone observations, where only one microscope is read. 

I have carpeted the steps and seat throughout. This makes 
the footing more sure, and absorbs the dust instead of allow- 
ing it to get upon the circle. 

ARTIFICIAL HORIZON. 

This is excellently and conveniently made on the plan de- 
scribed by Bessel, in Abhandlungen, vol. ii, page 63. 

All draughts and dampness from beneath the fioor are 
completely avoided by this means. We use a joint of com- 
mon tin furnace pipe (12 inches in diameter), over the basin 
during Nadir observations to keep off draughts from above 
the floor. 
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ILLUMINATING LAMPS. 

Two excellent Argand lamps in convenient tin cases 
were provided by the Repsolds. I have mounted them nine 
feet ten inches from the center of the cube. I have also 
provided two gas burners which can be exchanged for the 
lamps in about one minute. Over each lamp, and also over 
a free gas burner for illuminating the room, I have put a 
3-inch rain conductor which goes through the ceiling, and 
which delivers the heat from the lamps out of doors (not 
through the slit.) These tubes end just above the lamps 
in inverted funnels, 12 inches in diameter. 

VENTILATION OF ROOM. 

The air space above the flat ceiling of the meridian room 
is covered on the sides of the slit by wire netting, so as to 
allow of a free circulation of air, and it communicates with 
the external air when the shutters are closed, by 43 holes 
each three inches in diameter, which I have put in the cor- 
nice. The temperature of the room and of the air space is 
kept the same by this simple means. Before it was adopted 
the air space was extremely hot in summer days. The fol- 
lowing table will exhibit the improvement. 



Date 

1883. 


Time. 


External 
thermom- 
eter. 


Thermome- 
ter just 
above the 
circle. 


Thermome- 
ter in air 
space. 


Remarks. 


August 7 
16 
18 
28 

Sept 1 
15 
19 
27 

Oct. 18 


22*^ 30«» 
3 
3 
3 50 
30 

2 50 
22 10 

3 
3 40 


70°. 5 
77 .5 
81 .0 
67 .0 
76 .0 
79 .5 

60 .5 

61 .0 
61 .0 


71°. 
74 .0 
82 .0 
72 .0 
77 .8 
76 .4 
62 .8 
62 .0 
62 .8 


72°. 
80 .0 
84 .0 


S Slit opened at 


78 .5 
81 .0 
65 .5 

63 .8 

64 .0 


j Room entire- 
1 ly closed. 

j Room open- 
(edat20h45m 



It appears that the difference of temperature between the 
air-space and the room, which was formerly 10° — 15° in hot 
weather,* has been reduced to 4° or so, by the simple device 
of boring the 3-inch holes. 
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REMARKS ON THE USES TO WHICH THIS CIRCLE IS FITTED. 

A meridian circle of this class is especially fitted for doing 
fundamental work. The telescope is large enough to show 
9th magnitude stars in a bright field, and the whole design 
of the circle is of the very best. For such work the whole 
circle must be investigated thoroughly; and it is especially 
important that frequent recourse should be had to nadir ob- 
servations. In fact, we now have a model of the way in 
which fimdamental observations with a meridian circle 
should be conducted in the volumes of the Leyden observa- 
tions. 

A very important research of this nature which seems 
to be obligatory upon every astronomer who possesses a first- 
class meridian circle is a thorough determination of his lati- 
tude. A list of stars selected from Auwers' Fundamental 
Catalogue is now under observation here for this purpose. 

The meridian circle of the Washburn Observatory is 
somewhat unfortunately situated as regards work in the 
northern regions of the sky. The site of the house is the 
nearly level top of a hill. To the west and east the ground 
slopes gently. To the south it is about level for some thirty 
feet, and then it descends about 40 feet in going southwards 
about 300 feet. After this plane is reached, the ground is 
nearly level for about eight miles, when a range of hills is 
reached, which are somewhat higher than the observatory 
hill. 

The contour of the site towards the south makes it well 
nigh impossible to establish a (near) meridian mark- 
Towards the north along the meridian the ground slopes at 
first gradually and then rapidly to Lake Mendota; 100 feet 
north of the meridian circle the surface of the ground is 17 
feet below the floor; and it slopes very quickly from this 
point as the following table will show: 

Feet north of piers 100 200 300 400 500 600 700 

Surf ace below floor 17 30 47 62 77 90 107 

At 700 feet horizontal from the piers the shore of Lake 
Mendota is reached, and then we have towards the north a 
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level sheet of water about four miles wide. The opposite* 
shore is a bluflf some 50 feet high. 

Stars culminating north of the Zenith must then be ob- 
served through air which lies over the lake, while^ 
stars south of the Zenith are observed through air 
which lies over land. The refraction for low circum- 
polars and for extreme south stars may be different^. 
The lake is usually frozen from about December 5 to April 
15 of each year, and the surface is covered with snow from 
three inches to three feet deep. During this period then, tho 
relations of the surface of the ground to the superincumbent 
air are the same north and south, and a priori this season 
would seem to be the period for the accurate determination 
of the latitude. In the summer, it is possible that it will be- 
necessary to determine two different co-efficients of refrac- 
tion. One will serve for observations of north stars and ther 
other for south stars. . A list of refraction-stars is now under: 
observation. Provided that the nadir can be continuously 
observed, it would seem that by suitably choosing th^ 
seasons of observation, fundamental work is practicable.. 
Observations of the sun, however, would require a very care-^ 
ful treatment since the winter and summer conditions are 
so different. 

Unless strictly fundamental work is to be done it appears 
to be proper to do strictly differential work. The present 
admirable star list of the Berliner Jahrhuch makes this easy 
and accurate. For the present at least, all observations will 
be referred to the system of the B. J. in both co-ordinates.. 
Those values of the flexure, of the refraction and of the 
latitude which best represent the normal system will be- 
adopted and consistently used. 

Investigations of the flexure, of the corrections to tha- 
Pulkova refractions to fit th^ai to our conditions, and to the 
assumed latitude are now in progress. A list of miscella-> 
neous stars for observation has also been selected. 

VIBRATIONS OF THE SOIL. 

From the pains taken with the piers I had hoped to findi 
their stability perfect; and so far as the piers themselves are. 
concerned I have every reason to be satisfied with them. I^ 
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have found, however, that the piers and foundations together 
are extraordinarily sensitive to vibrations in the surrounding 
ground, which is composed of fine building sand. I tested 
this thoroughly January 11, 1883, by having an assistant 
produce shocks in various places and by noticing the efl?ects 
of these on the regular mercurial horizon, or on boxes of 
mercury placed on the piers of the instrument and collima- 
tors. 

A person walking about on the floor of the transit room 
will just produce a slight tremor in the horizon. A strong 
blow with the foot anywhere on tho floor of the room or of 
the adjacent hall will show itself in the mercury by a quick 
tremor. I satisfied myself in the most positive way Jan. 12 
that such shocks were not communicated through the fioor 
and to the wooden cases of the piers and thus to the horizon, 
but that they were transmitted downwards through the floor 
beams and to the brick supporting walls and thence through 
the fine, dry and unfrozen sand to the piers and to the hori- 
zon. Finally I had an assistant strike the ground with the 
*end of a heavy 4x4 timber some 7 feet long, and such shocks 
were manifest in the mercury even when the blow was 
given fifty feet away from the piers and quite outside of the 
building. It was transmitted through the frozen sand. Such 
a shock fifty feet outside of the buildings seemed to be nearly 
as perceptible as one made within two or three feet of the 
walls. 

On several occasions when I had the level (1 div. = l."2) 
suspended from the telescope for the purpose of determining 
the value of a division (not resting on the pivots) the bubble 
has suddenly begun to move north and south with an 
approximately periodic motion. The swings have occupied 
from " to 1" 30' for a half oscillation and the amplitude has 
ranged from 0" to 13." I attribute this to the movements 
<;ommunicated to the hill by the ice in the adjacent lake, 
which is here four miles wide. 

As far as I can determine these effects are very transitory 
^nd the result on the observations will be that the accidental 
-errors will be increased perhaps largely. I do not now see 
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that any serious sources of constant error exist in this 
direction. 
I add the instructions sent by the Repsolds to us: 



*i 



RBMASXS iUELATINQ TO THE PLACING OP THE MERIDIAN-CIRCLE. 



"After the iron pier-heads are piaoed upon the piers, (of which a draw- 
ing has been furnished) all the correction-screws are to be put in the niiddie 
of their play; and then the base plates, with the pier-heads (microscope- 
bearers) are to be placed approximately in their correct position, without 
the use of the screws. 

To help in this process there is packed in one of the boxes a wooden axis 
whose length and the dimensions of whose ends correspond with those of 
the axis of the instrument. By placing this wooden axis in the pivots, and 
by applying the hanging-level, it is easy to assure oneself of the correct 
level of the pier-heads, and of their proper distance apart. This distance 
must be the same as that of the feet of the level. If a diopter (or what is 
the same thing — a small telescope, provided with cross hairs) is fastened 
on to the middle of the wooden axis, it will be easy to see by means of a dis- 
tant meridian mark, whether the axis is sufficiently near to the meridian. 
Also, the small arm, which is fastened to the end of the wooden axis wiU 
«how whether the faces of the microscope beai-ers are placed parallel to the 
meridian. This can be tested by rotating the wooden axis in the pivots. 

After these preliminary corrections are made, the base-plates can be fixed 
to the tops of the (brick) piers, with cement, or with plaster of Paris: and 
in the same way the large screws which fit into the cylindrical holes in the 
tops of the piers, can be fastened. The reversing-carriage is already ad- 
justed to receive the axis, as soon as the large screw is inseited, and as soon 
as the movable bearer is fixed to this. The wooden stand must not be 
taken to pieces; it is only necessary to unscrew the iron tube with the 
worm-nut, and the large bevel-gear from the spindle, and to again screw 
both these parts together after the spindle is passed through the upper 
bearing. Before the rails (for the reversing-carriage) are fastened to the 
floor, the spindle must be placed vertical, by means of a try-level, fastened 
to the movable arm of the spindle, and at the same time the spindle is to 
be placed midway between the microscope-bearers. Then, the places of 
the rails can be marked down on the floor. After this the axis of the instru- 
ment (just as it is in the boxes) can be placed on the reversing carriage, for 
the purpose of fitting the circles, the object-glass, the ocular, etc. As 
soon as the large levers, which hold the hooks which take hold of the axis, 
are fitted with the counter poises, and with the hooks themselves, the axis 
can be placed in the Ys. At this place one must be sure that only one 
of the small levers which serve as end-supports of the axis, has its adjust- 
ing-screw set up, while the clamp on the screw of the other lever is left 
open, so that the inner pin of the screw may slide freely, and so that the 
lever can only be pushed forward by the motion of its thread. Otherwise, 
the axis will, as it moves on the wedge-shaped ends or the lever, have the 
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effect of bringing the tops of the piers nearer together. Moreover, one 
must observe whether the axis lifts perpendicular to the Y's, when the 
counter- weights are slightly over weighted: whether it touches only on 
one side of the Y*8: and again, whether its ends are at unequal distances 
from the faces of the microscope-bearers. This last may be caused by the 
end-levers holding on too long. The first error may be corrected, when 
necessary, by turning slightly the four adjusting screws of the fulcrums 
of the levers of the counter-weights. For correction of the other faults^ 
it may be necessary to ream out new bearings in the large lever (of the 
counter-weights) for the bearing-screws of the hooks which hold up the 
axis. 

Care must also be taken that the slow motion in declination, after it is 
fastened to one of the movable iron arms, which are fixed to the two base- 
plates, is so fastened that the under movable part of the declination-arm 
comes in the middle of the screw that bears against the end. Under the 
hooks of the counter- weight are two eyes, into which the hooks at the ends 
of the two chains are to be slipped, whenever the instrument is to be re- 
versed. The other ends of these chains are to be fixed to the wooden cas- 
ings of the pier, and also the fair-leaders, which hold the upper parts of 
the chains nearly vertical. If the chains are made of the right length, they 
will hold on to the bar of the hooks, as soon as the axis is slightly lifted, 
and the pier will then always be charged with the same load. 

The artificial horizon is to have its foundation so arranged on the base of 
the pier, that the under end of the ring, which is to be fixed in the floor, 
and which takes the cover, may enter the channel of the foundation, with- 
out touching it. By putting a little oil, or mercury, in this channel, the 
currents of air will be excluded, without the transmission of shocks from 
the floor to the piers. The two lamps are to be placed in the prolongation 
of the axis, at a distance of about two metres from the middle of the in- 
strument. The wooden axis is hollow, in order to admit of their easy ad^ 
justment. Place this axis in the Ys, and place the lamps so that they 
shine through the axis. This is to be done without the two lenses and with 
the lamp doors wide open. The lenses are to be placed in such a position 
that they concentrate their beams upon the four mirrors. If the objective 
and ocular are interchanged, no change need be made in the illumination. 
The key which lies next to the telescope tube, changes the illumination 
from bright field to dark; the other changes the intensity of either mode." 

TABLES OF THE INSTRUMENTAL CONSTANTS FROM JULY 8, TO 

DECEMBER 31, 1883. 

The instrumental constants of the Circle and Collimators 
have been determined very frequently during the period, 
July 8th — December 31st, for the purpose of studying the 
Circle and piers. The observations have generally been 
made by Mr. Tatlock. They have been projected into 
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curves and the study of these curves has led to our pro- 
gramme for the determination of the various constants and 
for the conduct of the observations. The curves are not 
given here, but the tables of constants are as follows : 



Date. 



1883. 

July 8 

*8 

9 

10 

11 

*11 
12 
13 
14 

*14 
15 
16 
16 
17 

*17 
18 
19 
20 
21 

*21 
22 
23 
24 

*24 

25 

26 

27 

28 

29 

30 

31 

Aug. 1 

3 

4 

5 



7 

8 

9 

9 

10 

11 

12 

18 

13 



TABLE I. 

RECORD OF CONSTANTS, a J b; C; U. 



Time. 



h m 

20-10 



20-20 
21- 
20-30 



20-30 
20-30 
21- 



21- 

7-10 

20-45 

20-30 



20-30 
20-30 
21- 
20-15 



20-30 
20-45 
20-45 



20-30 

21-15 

21-30 

21-40 

21-10 

20-50 

20-30 

22- 

4-30 

2^5 

3-15 

3-15 

7-30 

2-40 

3- 
'3- 

8-30 

4- 
3-30 
8-20 
3-30 
8-30 



a. 



+ 4.347 



-h4.51 



+4.42 



+4.27 



+4.64 



+4.60 
+4.595 



+4.500 



+4.563 
+4.570 



+4.357 



+4.367 



+4.344 



+4.285 



h, nadir. 



-0.455 
-0.343 
-0.528 
-0.523 
—0.442 
-0.530 
-0.429 
—0.485 
-0.446 
-0.444 
-0.519 
—0.553 
—0.498 
—0.463 
—0.445 
—0.485 
—0.549 
—0.588 
—0.639 
—0.636 
—0.493 
—0.403 
—0.407 
—0.345 
—0.506 
—0.360 
0.339 
—0.335 
—0.360 
—0.386 
—0.429 
—0.385 
—0.345 
—0.352 
—0.347 
—0.326 
— 0.28S 
—0.326 
—0.356 
—0.313 



—0.300 
—0.395 
—0.352 
—0.244 



6. level. 



—0.368 
—0.353 
—0.447 
—0.495 
—0.484 
—0.553 
—0.360 
—0.436 
— 0.380t 
—0.462 
—0.502 
—0.493 
—0.442 
—0.455 
—0.489 
—0.517 
—0.560 
—0.596 
— 0.665t 
—0.650 
—0.480 
—0.397 
—0.401 
—0.395 
—0.495 
—0.383 
—0.333 
—0.365 
—0.368 
-0.395 
—0.435 
—0.328 
—0.319 
—0.364 
—0.326 
—0.296 
—0.330 
—0.313 
—0.351 
—0.307 
—0.333 
—0.264 
—0.433 
—0.357 
—0.230 
—0.223 



c. 



+0.013 
+0.077 
+0.039 
+0.064 
+0.116 
+0.103 
+0.034 
+0.077 
+0.047 
+0.086 
+0.069 
+0.064 
+0.039 
+0.086 
+0.084 
+0.099 
+0.099 
+0.116 
+0.111 
+0.098 
+0.120 
+0.116 
+0.107 
+0.129 
+0.111 
+0.107 
+0.098 
+0.120 
+0.107 
+0.116 
+0.103 
+0.120 
+0.086 
+0.120 
4-0.090 
4-0.116 
4-0.120 
4-0.103 
4-0.086 
4-0.082 

• ••■•.•• I 

+0.099 
+0.107 
+0.086 
+0.103 



Remarks. 



The values marked 
with a star were de- 
termined by G. C. C. 
The epoch of his de- 
termination is uni- 
formly about 8^ 30°». 



f h level determined 
19»» 30«». 



\b level determined 
19^ 30™. 



Epoch of a=^ 30°», 
Epoch of a==8^ 30 • 

Epoch of a=8t^ 20™. 
Epoch of a=8^ 10». 

Epoch of 0=8^ 30'", 
Epoch of a=8^ 45™. 



Epoch of a=8»^ 30 . 
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Table I — Record of Constanta — contiDued. 



23 

24 

25 

26 

*26 

27 

28 

29 

30 

*30 

31 

Sept. 1 

*1 

2 

3 

4 

5 

6 

7 



*8 

8 

9 

10 

10 

*11 
11 
12 
13 

*14 
14 



15 



16 
17 
17 
17 

18 



t 

Date. 


Time. 


1883. 


h. m. 


Aug. 14 


3^30 


15 


3-30 


16 


3-30 


17 


3-30 


18 


a-30 


19 


3-15 


20 


3-20 


21 


3-15 


21 


7-15 ' 


22 


3-0 




3-30 



a. 



b. nadir. 



+ 4.504 



-0.249 
—0.244 
—0.335 
—0.390 
—0.450 
—0.459 



h, level 




—0.274 
—0.261 
—0.341 
—0.482 
—0.472 
—0.467 



+ 0.090 
+ 0.099 
+ 0.090 
+ 0.094 
+ 0.094 
+ 0.090 



Remarks. 



4-4.340 —0.181 —0.236 [ + 0.030J 



+ 4.458 



—0.322 

at 7h. I5iii. 

— 073 



—0.312 
—0.295 

—0.220 
—0.100 



+ 0.073 



Epoch of a = 8h. Om. 
Higher power eye- 
piece put in collima- 
tor X to-day. 
Evidently erroneous 
setting of same. 
Epoch of a = 7h. 50m. 



+ . 094 Azimuth adjusted at 5h. 



7-30 

3-10 

4^15 

4-0 

8-0 

3-0 

3-30 

7-30 

3-45 

7-30 

4-0 

4-0 

9-0 

3-0 

3-30 

3-30 

3-30 

3-0 

3-0 



+ 0.033 



+ 0.100 



t— 0.086 
1—0.073 
—0.112 
;— 0.086 



+ 0.135 
+ 6.'644 



+ 0.050 
—6.' 106 



—0.086 
—0.159 
—0.137 
—0.137 



—0.287 
—0.240 



—0.209 
—0.116 
-0.060 
—0.039 
—0.107 



—0.076 
—0.092 
—0.071 
—0.085 
—0.058 
—0.065 
—0.159 
—0.134 
—0.156 
—0.149 
—0.234 
—0.218 
—0.208 
—0.211 
—0.114 
—0.075 
—0.045 
—0.122 
—0.106 



+ 0.067 
+ 0.082 
+0.069 
+-0.060 

+b'.mi 

+0.060 
+0.065 
+0.069 

+6!664' 



+0.069 



b (nadir) at 7h. 20m. 
b (nadir) at 7h. 10m. 
Epoch of a = 7h. 45m. 



Epoch of a = 8h. 15m. 
Epoch of a = 7h. 15m. 

Epoch of a = 8h. 15m. 

Epoch of a = 8h. 15m. 



j Changed focus of th& 
/ telescope slightly. 



8-0 
3-30 






—0.055 
+ 0.007 


+6.*664* 


—0.342 




7-30 




0.103 


—0.149 




7-30 




'—0.118 




3-15 


—0.288 


'—0.116 




7-30 
5-0 






—0.145 
—0.146 




—6 .'249" 


—0.137 


5-0 




0.159 


0.183 




3-30 

11-40 

3-15 






—0.145 
0.208 








—0.085 




—0.212 



Epoch of a = 8h. 15m. 

Epoch of a = 8h. Om. 

Epoch of a =8h. Om. 

Focus changed at 6h. 
Focus changed at lOh. 
Epoch of a=llh 30m. 



3-15 



—0.279 



—0.302 



( At lOh changed setting of 
■< objective in its cell and 
/ adjusted focus. 



3-0 
7-15 
3-30 
23^4W 
0-10 






—0.226 
—0.048 
—0.117 
—0.086 
—0.089 


+ 6!647 
+6! 047* 






—0.242 


—0.086 







Adjusted. 

Epoch of a = 7h. 50m. 



18 
*18 


8-0 
0-30 




—0.043 


—0.028 















Removed eye - end 
from tube for space 
( of 5 minutes. 
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Date. 


Time. 


a. 


b. nadir. 


b. level. 


c. 


n. 


Remarks. 


1883 
Sept 19 


h. m. 

3- 
3- 

8- 

3- 

4- 

5- 
4-30 

2- 
8-15 
5-30 

5- 

6- 

9- 
5- 
6-50 
7-30 

3- 
5-10 
6-50 
3-45 
6-40 

7- 
3-30 
8-40 
3-30 
^-40 

8- 

4- 
10- 

4-0 
7-40 

4- 
10-40 

5- 
10-30 

5- 
4-50 

21-30 
5-10 
4-40 
4-40 
4- 
7-30 
5-30 

4r- 

9- 
4- 
4- 

6- 
8-30 
4^15 

4r- 

7-15 
7-30 
0- 
9- 
4- 


8 


— o!o94 


— o!o67 
—0.095 
—0.112 
—0.106 
—0.139 
—0.185 
—0.168 
—0.105 
—0.147 
—0.142 
—0.129 
—0.187 
—0.209 
—0.188 


a 


8 


Allowed sun 
to shine on in- 
strument 2m. 
40s.; no effect 
on any of the 

cOTifitfl.nf.n 


20 






21 










21 


—0.454 








22 






23 


*'6!473' 


—6! 276* 

0.206 






24 
25 


—0.006 






25 








26 

27 
30 


^!327' 
0.584 


—0.107 
—0.123 


+ 0.099 


+6.i56* 


Epoch of a= 
2h. Om. 

Epoch of n= 
7h- 30m 


Oct. 1 


4-0.146 
4-0.112 




2 
3 


—0.585 
—6.426* 


—0.215 
—0.210 




7 


—0.276 








8 


4-0.090 


•••••••• 




10 






—0.277 
—0.261 
—0.191 
—0.181 
— 0.2i3 
—0.287 
—0.344 
—0.246 
—0.241 
—0.296 
—0.412 
—0.417 
—0.334 




10 
15 


—0.352 

^!761 
—0.781 


- 




4-0.097 




15 
16 
18 


*+6!696' 


4-0.429 
4-0.425 




18 


0.655 










23 


4-0.082 






23 


0.926 
—0,725 






25 








29 


4-0.073 






29 


—0.559 






31 








31 


^.'921' 






4-0.445 




Nov. 1 




—0.245 
—0.278 
-0.333 
—0.387 
—0.408 
—0.426 






1 
2 


—1.072 






4-0.605 




2 
3 


—0.977 






4-0.459 




4 












4 






4-0.047 






5 






-^6.531* 

—0.375 

—0.313 

—0.321 

—0.358 

—0.382 

—0.393 

—0.348 

—0.279 

—0.054 

—0.214 

—0.287 

—0.110 

—0.301 

—0.307 

—0.190 

—0.312 

—0.378 

—0.429 


Epoch of n 
6h 15m. 


6 

7 


—0.948 






-hO.436 


8 












8 


—0.893 










9 








10 












10 
11 


—0.761 






4-0.317 




12 


4-0.073 






13 








13 


—1.704 










14 








15 












15 


—1.691 










16 








17 












17 
18 


—1.390 






-hO.763 
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Table L — Record of Constants — continued. 



Date. 


Time. 


a. 


h level 


c. 


n. 


Remarks. 


1883. 
.Nov. 19 


h m 

4- 
^ 
&- 
445 
4-45 

21-31 
4-30 

0- 
5-30 
4-15 

5- 
4-30 
4- 

1- 
4-15 
4-15 

2- 
4-15 
4-30 
4-30 
4-30 
5-15 
4-30 
6-40 
9- 
9- 
7-20 
9- 
8- 
^ 
a-30 


s 

"'i!i2i' 


-0.467 
0.509 
0.509 
0.391 
0.355 


B 


s 




19 








20 
21 


+ 0.090 






22 








22 


+ 0.060 






23 


**6;892' 
— i.*2i3* 

-i.'659* 

— iisio* 
— i.'676' 

— i.*658* 

— 2!376* 
—1.762 

^!687' 

^.976* 


0.391 
—0.472 

0.414 
—0.551 

0.251 
—0.308 
—0.386 
—0.305 
—0.470 

0.574 
—0.474 
—0.450 
—0.457 
—0.561 
—0.335 
—0.516 

0.483 
—0.520 
+ 0.042 
+ 0.134 

0.672 
—0.682 
—0.446 
—0.411 
—0.685 




24 








24 








25 








26 
27 

28 


+ 0.004 






29 








30 








^^Dec. 1 








2 








3 

4 


+ 0.004 






5 








8 








11 


^ 






11 
14 
18 
20 


0.013 

— 6!647* 


+ 6.*676* 




24 








24 


—0.069 






27 






27 








31 


—0.064 
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TABLE II. 



RECORD OF COLLIMATOR LEVELS. 









Correc- 


Correc- 


Correc- 


Correc- 










tion. 


tion. 


tion. 


tion. 




Date. 


Time. 


Circle 


N. C. 


N. C. 


S. C. 


S. C. 


Remarks. 








X. 


X. 


Y. 


Y. 






h. m. 




1396. 


1399. 


1396. 


1899. 




1883. 




/' 


If 


• 


July 9 
10 


22- 


W. 


—4.46 






+ 6.29 


N. C.= North 


22- 
22-30 
22-15 
21-45 
19-30 
22-10 
21-40 
21-50 
22- 
21-45 
22-30 
19-30 
20-40 
20-50 
21- 


W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 


—4.59 

—4.12 
3.92 
4.10 
5.90 
5.76 

—6.81 
7.81 

—6.68 
6.54 
5.97 

—5.74 
5.78 
5.82 
5.95 






+ 6.73 
+ 6.56 
+5.81 
+ 7.00 
+ 6.55 
+ 6.49 
+ 6.61 
+ 6.84 
+ 6.55 
+ 6.24 
+ 6.86 
+ 7.70 
+ 6.16 
+ 6.54 
+ 5.93 


Collimator . 


11 






S. C. — South 


12 






Collimator. 


13 






X and Y are the 


14 






two coUima- 


15 






tors. 


16 








17 








18 








19 








20 








21 








22 








23 








24 


*— 6.45' 


* '4-5.89* 




25 


21-15 


W. 


—5.50 


—5.94 


+ 5.56 


+ 6.25 




26 


2- 


w. 


6.46 


—6.50 


+ 6.64 


+ 7.28 




26 


3- 
22-30 


w. 
w. 






+ 6.48 
+ 6.15 


+ 7.08 
+ 6.63 




26 


-6.26* 


'—6.58 




27 


22-50 


w. 


7.13 


—7.22 


+ 4.81 


+ 5.42 




29 


2-15 


w. 


7.82 


—7.82 


+ 3.70 


+ 4.93 




29 


23-30 


w. 


—7.24 


—8.08 


+ 3.64 


+ 4.54 




80 


22-40 


w. 


—7.43 


—7.60 


+ 3.65 


• +4.26 




81 


22- 


w. 


—7.16 


—7.44 


+ 4.18 


+4.70 




Aug. 1 


23-20 


w. 


—6.20 


—6.93 


+ 3.75 


+ 3.68 




3 


5-35 


w. 


—7.70 


—8.31 


+ 3.61 


+ 4.02 




4 


3-20 


w. 


—7.74 


8.13 


+ 3.12 


+ 3.23 




5 


4-40 


w. 


—8.14 


—8.71 


+ 3.35 


+ 3.83 




6 


4-20 


w. 


—7.02 


—7.54 


+ 2.90 


+ 2.91 




7 


4- 


w. 


—7.80 


—8.57 


+ 3.88 


+ 3.92 




8 


4-30 


w. 


8.33 


—8.48 


+ 4.80 


+ 4.13 




9 


4-15 


w. 


—8.57 


—9.25 


+ 4.08 


+ 4.51 




10 


5- 


w. 


—8.57 


—8.99 


+ 4.00 


+ 4.34 




11 


5-10 


w. 


—8.24 


—8.73 


+ 4.81 


+ 4.57 


Rain. 


12 


4-15 


w. 


—7.28 


—6.95 


+ 4.32 


+ 4.67 




13 


4-30 


w. 


—8.59 


— 9.5» 


+ 3.84 


+ 4.36 




14 


4-15 


w. 


—8.28 


—8.84 


+ 4.14 


+ 4.02 




15 


4- 


w. 


8.13 


—9.21 


+ 2.21 


+ 2.36 




16 


4- 


w. 


—7.26 


8.57 


+ 2.53 


+ 2.23 




17 


4- 


w. 


—7.21 


—8.93 


+ 3.15 


+ 3.32 


Rain, small 


18 


3-45 


w. 


7.83 


—8.34 


+ 2.91 


+ 2.97 


amount. 


19 


3-30 


w. 


—7.64 


8.73 


+ 3.69 


+ 4.02 


Rain, only a 


20 


3-45 


w. 


—8.10 


7.86 


+ 2.36 


+ 1.73 


shower. 


21 


3-40 


w. 


—8.13 


9.63 


+ 2.15 


+ 3.54 




22 


4- 


w. 


—8.18 


—9.26 


+ 3.21 


+ 2.51 




28 


4- 


w. 


—9.87 


-10.29 


—0.17 


+ 0.88 


3h. 30m. N. C. 


24 


3^6 


w. 






+ 1.51 


+ 1.13 


adjusted. 


25 


5- 


w. 


—1.43' 


—1.12' 


+ 1.61 


+-1.44 
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Table II. — Record of Collimator Levels — continued. 



Date. 



1883 

Aug. 26 

27 

28 

29 

35 

31 

Sept. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2\ 

22 

23 

24 

25 

26 

27 

28 

29 



Time. 



h. m. 

3-30 
a-45 
5-0 

4r-45 

3-30 
5-20 

4- 

3- 
3-30 
3-15 
3-30 
3-15 
3-15 
3-15 
7-30 
3-30 

5- 
5-30 
3-30 
3-30 
3-30 
a-15 
a-15 
3-15 
3-15 
3-15 
3-15 
4-15 
5-15 

4- 
9-30 
5-30 

5- 
5- 
5- 



o 
.53 

O 



w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 



N. C. 

X. 

1396 



— 1.''43 
--0.63 
—0.50 
—0.09 
—1.07 
—0.71 
—0.24 
+0.01 
4-0.01 
4-1.48 
—2.41 
—2.72 
—1.61 
—2.80 
—3.03 
—1.44 
—3.30 
—2.37 
—2.13 
—1.39 
—0.76 
—0.10 
—1.82 
—2.23 
—0.76 
—1.54 
—1.15 
—2.35 
—1.74 
—0.89 
—0.34 
—1.88 
—0.90 
—4.24 
—4.06 



S. C. 

Y. 

1396 



+0/83 
+0.45 
+3.20 
+2.68 
+3.12 
+3.01 
+3.75 
+2.12 
+3.03 
+0.75 
+2.46 
+3.20 
+3.39 
+2.72 
+3.68 
+2.68 
+2.80 
+2.93 
+2.49 
+2.97 
+2.68 
+2.88 
+2.80 
+2.64 
+2.68 
+2.68 
+3.91 
+3.64 
+3.03 
+4.30 
+3.20 
+4.04 
+3.81 
+3.29 
+3.87 







• 


N. C. 


Date. 


Time. 


U 


X. 




h. m. 


o 


1396 


1882 




Sept. 30 


5-15 


w. 


—4.98 


Nov. 1 


4-30 


w. 


—3.16 


2 


5-15 


w. 


—3.56 


3 


5-30 


w. 


—2.73 


4 


4-00 


w. 


—2.10 


5 


5-10 


w. 


—1.67 


6 


5- 


w. 


—1.84 


. 7 


5- 


w. 


—2.13 


8 


5- 


w. 


—1.57 


9 


5-30 


w. 


—1.43 


10 


4- 


w. 


—2.10 


11 


5- 


w. 


—4.12 


12 


3-40 


w. 


—4.64 


13 


5-15 


w. 


—2.49 


14 


4-30 


w. 


—3.20 


15 


4-15 


w. 


—3.26 


16 


8- 


w. 


—4.76 


17 


0-20 


w. 


—2.70 


18 


4^15 


w. 


—1.72 


19 


4-30 


w. 


—2.01 


20 


8- 


w. 


—2.08 


21 


5- 


w. 


1.33 


22 


4-15 


w. 


—0.40 


23 


4-30 


w. 


—0.23 


24 


0-15 


w. 


—0.44 


25 


4-30 


w. 


+0.25 


26 


5- 


w. 


0.95 


27 


5-30 


w. 


—0.41 


28 


4-30 


w. 


1.11 


29 


1- 


w. 


—0.28 


30 


4-30 


w. 


—0.71 


Dec. 1 


4-30 


w. 


0.31 


2 


2- 


w. 


—1.40 


11 


5- 


w. 


+0.97 


18 


4-30 


w. 


—5.46 



s. c. 

Y. 

1396 



+4.81 
+3.74 
+3.93 
+4.81 
+4.46 
+4.59 
+4.88 
+6.00 
+6.01 
+4.38 
+4.68 
+5.26 
+4.72 
+6.00 
+4.85 
+4.33 
+8.24 
+7.67 
+6.02 
+5.31 
—0.13 
+0.77 
+1.79 
+8.19 
+2.09 
+1.66 
—0.06 
+3.95 

+2.92 
+3.01 
+2.74 
+2.71 
+1.56 
+2.85 
+4.02 



Dec. 25, both collimators adjusted; south end of both lowered. 
31, N. coll. adjusted; south end lowered. 
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TABLE III. 



RECORD OF NADIR POINTS. 



Date. 



1883. 

July 9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 

Aug. 1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

15 

16 

17 

*18 

19 

20 

21 

22 



Time. 



28 



h. m. 

21-30 
21-40 
21-30 
21-30 
21-15 
21-30 
31-40 
21-20 
21-20 
21-20 
21-15 
21-40 
21-40 
21-20 
21-30 
21-30 
2a-20 
21-20 
22-10 
22-15 
22-80 
21-80 
21- 
22-25 
4^0 
8- 
8-50 
4- 
3- 

3- 
3-15 
4-30 
4-10 
3-45 
4-15 
4-20 
4-40 
4-10 
4-30 

4- 
7-15 
7-15 



I— I 
o 
u 

•(H 

o 



w, 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 



Nadir Point 



125° 30'6M7 
7.41 
7.58 
6.78 
6.24 
6.06 
6.73 
5.43 
5.20 
5.97 
6.36 

• • • • 

6.66 

5.44 

5.00 

4.92 

5.47 

4.39 

3.48 

3.91 

8.22 

3.76 

4.10 

8.65 

3.89 

4.55 

4.14 

4.55 

4.87 

5.38 

10.51 

11.35 

11.76 

10.38 

10.48 

18.00 

11.52 

11.21 

10.82 

10.51 

10.13 

11.30 



Adjusted azimuth at 5h. 



28- 



Microscope adj'd. 



Date. 



Aug. 24 

25 

26 

27 

28 

29 

30 

31 

Sept. 1 

2 

8 

4 

5 

6 

6 

7 

8 
9 
11 
12 
12 
13 

14 
15 



Oct. 





^ 




Time. 




Nadir Point. 


h. m. 




7-30 


w. 


125°27'87\28 


7-30 


w. 


37.49 


4-80 


w. 


37.04 


7-45 


w. 


37.16 


4- 


w. 


85.82 


7-40 


w. 


85.50 


5- 


w. 


35.57 


7-40 


w. 


35.57 


5-30 


w. 


35.27 


3-80 


w. 


38.81 


7-15 


w. 


37.84 


9-80 


w. 


35.07 


4-15 


w. 


86.27 


3-30 


w. 


36.34 


8- 


w. 


85.96 


4-15 


Focus changed. 


12-08 


W. 


34.38 


8- 


W. 


34.20 


9- 


W. 


84.91 


8-30 


W. 


35.46 


28-45 


W. 


34.20 


6-0 
10- 


Foe 


;us changed. 


Foe 


)us changed. 


8- 


W. 


35.77 



15 


10- 


16 


3-15 


17 


5- 


18 


9- 


19 


9-30 


20 


10- 


21 


9- 


22 


9-30 


24 


8- 


25 


0-15 


25 


8- 


26 


5-15 


26 


8-15 


27 


10- 


2 


5- 


3 


4-45 


8 


6-40 


10 


4-15 


10 


7-10 



Changed 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 



objective 
34.07 
35.86 
34.98 
34.68 
38.76 
34.61 
38.49 
31.04 
29.08 
29.45 
31.25 
81.27 
30.96 
30.94 
31.08 
81.08 
28.14 
28.42 



*After August 17th, the microscopes were read both before and after 
the observations. 
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PUBLICATIONS OF 



Table III, Record of Nadir Points -^-contiaued. 



Date. 


Time. 


Circle. 

1 


Nadir Point. 


Date. 


Time. 


03 

w. 


Nadir Point. 


1883. 


h m 






h m* 




Oct. 14 


22-30 


W. 


125" 27' 26". 22 


Nov 23 


21- 


w. 


125°27'23\76 


15 


4r- 


W. 


26 .35 


24 


16- 3 


w. 


22 .32 


15 


7- 


w. 


26 .84 


28 


21- 


w. 


20 .91 


15 


23- 


w. 


25 .82 


28 


0- 3 


w. 


20 .67 


16 


1-30 


w. 


26 .03 


28 


0- 8 


w. 


21 .24 


16 


5- 


w. 


26 .86 


30 


21- 5 


w. 


22 .73 


16 


12- 
Sid. T. 


w. 


26 .59 


Dec. 4 


22- 3 


w. 


21 .94 


18 


17- 7 


w. 


27 .66 


4 


0- 3 


w. 


22 .00 


18 


23- 2 


w. 


27 .87 


4 


3- 


w. 


Z2 .37 


18 


12- 7 


w. 


25 .83 


4 


13- 5 


w. 


22 .30 


19 


1^ 2 


w. 


25 .73 


5 


23- 6 


w. 


22 .60 


19 


12- 5 


w. 


24 .44 


5 


0- 3 


w. 


22 .61 


19 


13- 8 


w. 


24 .62 


5 


2- 3 


w. 


23 .03 


23 


17- 7 


w. 


25 .13 


8 


0- 3 


w. 


25 .83 


23 


5- 1 


w. 


25 .73 


8 


2- 2 


w. 


24 .85 


29 


19- 


w. 


26 .02 


10 


0- 3 


w. 


22 .11 


Nov. 1 


18- 3 


w. 


21 .92 


10 


2- 2 


w. 


22 .9^ 


1 


21- 9 


w. 


22 .26 


10 


13- 5 


w. 


22 .84 


1 


12- 9 


w. 


23 .19 


17 


17- 5 


w. 


23 .10 


3 


20- 3 


w. 


24 .13 


18 


17- 4 


w. 


23 .96 


4 


20- 


w. 


25 .27 


19 


17- 3 


w. 


25 .m 


5 


19- 5 


w. 


25 .03 


20 


18- 1 


w. 


25 .71 


6 


19- 5 


w. 


22 .56 


20 


17- 4 


w. 


23 .63 


8 


19- 4 


w. 


24 .05 


21 


18- 2 


w. 


24 .87 


9 


20- 


w. 


23 .40 


23 


17- 5 


w. 


25 .75 


10 


20- 


w. 


21 .69 


24 


18-4 


w. 


«5 .65 


17 


20- 


w. 


24 .51 


24 


17- 6 


w. 


24 .17 


18 


20- 


w. 


25 .01 


25 


18- 5 


w. 


24 .54 


19 


20- 5 


w. 


25 .11 


27 


17- 9 


w. 


21 .48 


21 


20- 5 


w. 


23 .43 


28 


18- 8 


w. 


21 .62 


22 


21- 3 


w. 


23 .17 
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RECORD OF MICROSCOPE DISTANCES. 



Date, 1883. 


Time. 


VtoVL 

90° + 


VI to VTT. 
90° + 


VTTtoVm. 

90° + 


July 31 


h. 

21.0 
22.3 

4.9 

3.0 

3.9 

4.0 

3.1 

3.2 

3.4 

4.5 

4.2 

3.8 

3.5 

4.5 

4.7 

4.1 

4.3 

4.0 

7.2 

7.2 
Azi 


5.^80 
6,05 
6.70 
5.40 
6.20 
6.05 
6.40 
6.20 
7.15 
6.60 
6.55 
6.30 
7.25 
8.00 
6.85 
7.95 
6.28 
7.23 
7.30 
7.55 
muth adjust 


5. "90 
7.25 
5.65 
5.75 
5.10 
5.45 
6.75 
5.85 
6.10 
6.50 
7.50 
6.40 
6.80 
5.80 
6.55 
5.70 
6.03 
6.90 
6.45 
5.78 
ed 


5. "20 


Auerust 1 


3 50 


3 

4 


4.60 
4.90 


5 


6.00 


6 


4.65 


7 

8 


4.26 
5 60 


9 


3.95 


10 


4.65 


11 


3.45 


12 


4.20 


13 


3.10 


15.... 


3.35 


16 


3.85 


17 


3.90 


18 


4.68 


19 


3.77 


20 


2 57 


21 


4 13 


22 








24 


7.4 
7.5 
4.4 
7.7 
4.0 
7.9 
• 5.0 

7.7 

5.5 

3.5 

7.2 

9.4 

4.0 

3.5 

Cha 
11.5 

8.0 
No 

9.0 

8.5 
23.8 


— 4.10 

— 5.35 

— 5.40 

— 6.10 

— 6.20 
6.14 

— 6.20 
Changed fo 

9.90 

— 7.50 
7.90 
6.60 
5.05 
4.40 
5.15 

nged focus 
8.00 
5.70 
nadir this 

— 6.80 
7.30 

— 7.30 


5.98 

6.65 

7.75 

9.32 

9.50 

8.80 

8.20 

cus of V . 

10.20 

10.65 

10.40 

9.95 

7.80 

7.37 

7.25 

oftel. 

7.70 
7.65 
day. 

7.50 
7.45 
7.80 


0.55 


25 


1.75 


26 

27 


1.30 
50 


28 


0.10 


29 


1.00 


30 


1.40 


31 


2.05 


September 1 

2 


1.70 
1.70 


3 


0.50 


4 


1.15 


5 


0.35 


6 


1.10 


7 




8 


0.90 


9 


1.00 


10 




11 


2.15 


12 


2.45 


12 


2.75 
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PUBLICATIONS OF 



RECORD OF MICROSCOPE DISTANCES. 



Date, 1883. 


Time. 


V toVI. 


VI to VII. 


VII to vm. 


SeDtember 15 


h. 

8.0 

3.3 

5.0 

9.0 

9.4 

10.0 

9.0 

9.0 

8.0 

0.0 

8.0 

10.0 

3.5 

5.0 

7.0 

22.5 

4.0 

23.0 

1.5 

4.0 

9.0 

23.0 

22.5 

Sid. T. 

1.5 

19.0 

21.9 

20.3 

20.0 

19.5 

19.4 

19.4 

20.0 

20.0 

30.0 

20.0 

20.5 

20.5 

21.3 

21.0 

16.3 

0.3 

21.5 

0.3 

13.5 

0.3 

2.2 

2.2 

19.5 

17.4 

17.3 

17.4 

17.5 

17.6 

17.9 


n 

—6.65 

6.50 

—5.40 

5.05 

—5.00 

—5.90 

5.75 

—8.05 

—8.65 

10.00 

9.35 

9.40 

9.55 

—8.95 

—7.00 

—9.05 

—9.05 

—8.95 

—8.95 

—6.90 

—6.45 

—12.95 

—15.10 

—14.20 
—12.85 
—13.75 

14.30 
—14.55 
—14.70 

13.80 
—13.45 
—12.80 

13.00 
—14.20 
—13.85 
—13.90 
—14.20 
—13.99 
—13.65 

14.00 
—16.80 
—14.75 

14.40 

14.90 
—15.10 

16.35 
—14.25 
—15.00 
—13.90 
—12.70 
—12.75 
—15.45 
—14.80 
—14.20 


+7.45 

7.55 

7.00 

7.75 

8.65 

7.90 

7.70 

9.65 

14.10 

12.85 

12.80 

13.15 

11.75 

11.10 

12.70 

11.20 

10.90 

9.75 

9.30 

8.95 

10.70 

16.75 

15.10 

16.50 
16.05 
13.95 
14.95 
15.50 
16.25 
15.80 
15.80 
15.70 
14.60 
13.25 
13.50 
14.70 
18.70 
18.70 
18.40 
18.10 
20.05 
18.10 
16.50 
17.00 
16.90 
18.35 
18.15 
14.95 
13.00 
12.60 
12.65 
17.70 
17.85 
+ 15.95 


n 

3.45 


oeptemoe ^^ ; ; ; ;; ; ; ; ; ; 


2.75 


17 


1 30 


18 


0.10 


19 


—0.60 


20 


+ 0.80 


21 


—0.15 


22 


+ 1.15 


24 


—0.05 


25 


+ 1.65 


26 


0.60 


27 


0.70 


October 2 


2.00 


3 


+ 1.15 


10 


—1.50 


14 


—0.50 


15 


—0.30 


15 


—0.30 


16 


+ 0.80 


18 


+ 1.05 


18 


+ 1.00 


18 


0.60 


19 


+ 0.30 


23 


1.75 


29 


1.35 


November 1 


2.30 


3 

4 

5 


1.65 
1.40 
1.45 


6 


2.00 


8 


3.15 


9 


3.40 


10 


2.70 


17 


1.10 


18 


1.75 


19 


—2.10 


21 


—6.40 


22 


7.30 


23 

24 


—6.95 
—6.35 


28 


7.85 


30...' 


6.80 


December 4 


5.20 


4 


5.55 


5 

8 

10 


—4.70 
5.85 
7.55 


17 


—6.90 


18 


—7.85 


19 


—8.70 


20 


—8.65 


23 


—5.80 


24 


—7.45 


27 


7.00 



The — sign denotes that the distance is less than 90°. After October 23 
the times are sidereal. 
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RECORD OF ERROR OF RUNS. 



Date. 


Time. 


Errors. 


Mean 
Error. 


Propor- 
tional cor- 
rection 
















V. 


VI. 


VII. 


VIII. 




to 1" 


1883 


h m 


n 


If 


ff 


H 


// 


H 


July 8.. 


22-15 


+0.67 


+0.12 


+0.81 


—0.77 


+0.208 


—0.0016 


11.. 


22-15 


+ 0.61 


+0.16 


+0.85 


—0.11 


+0.377 


—0.0020 


12.. 


23-15 


+0.28 


—0.03 


—0.45- 


—0.37 


—0.165 


+0.0009 


14.. 


1-15 


+0.67 


+0.79 


—0.11 


—0.27 


+0.270 


—0.0015 


16.. 


1-45 


+0.89 


+0.47 


+0.42 


—0.28 


+0.375 


—0.0021 


17.. 


21-30 


+0.37 


+0.61 


—0.71 


—0.49 


—0.055 


+0.0003 


18.. 


21-40 


+0.77 


+0.97 


+0.13 


—0.31 


+0.392 


—0.0022 


20.. 


21-50 


+1.09 


+0.79 


—0.29 


—0.07 


+0.380 


—0.0021 


22.. 


21-30 


+0.71 


+0.79 


—0.19 


—0.65 


+0.165 


—0.0009 


24.. 


22-15 


+0.61 


+0.51 


—0.27 


—0.75 


+0.003 


0.0000 


26.. 


21-40 


+0.45 


+0.49 


—0.07 


—0.51 


+0,090 


0.0005 


28.. 


22-45 


+0.67 


+0.63 


—0.21 


0.59 


+0.125 


0.0007 


30.. 


21-45 


+0.27 


+0.29 


+0.23 


—0.57 


+0.055 


—0.0003 


Aug. 3.. 


5-15 


+0.21 


+0.57 


—0.71 


—0.91 


—0.212 


+0.0012 


5.. 


4-10 


+0.61 


+0.51 


—0.11 


—0.11 


+0.225 


0.0012 


8.. 


3-30 


+0.85 


0.00 


—0.13 


—0.23 


+0.122 


0.0007 


11.. 


4-35 


+1.05 


+0.91 


—0.17 


+0.25 


+0.510 


—0.0028 


15.. 


5-15 


+1.15 


+0.27 


+0.67 


—0.41 


+0.420 


—0.0023 


18.. 


5-0 


+1.25 


+1.13 


+0.17 


—0.39 


+0.540 


—0.0030 


22.. 


4-40 


+0.43 


—0.77 


—0.91 


—0.77 


0.505 


+0.002d 


22.. 


23-0 


Microsc 


opes adji 


listed . 








23*. 


5-0 


+0.43 


—0.73 


—0.05 


—0.41 


—0.190 


+0.0011 


24.. 


5-8 


+0.65 


—0.61 


—0.21 


+ 0.39 


+0.055 


—0.0003 


27.. 


8-20 


+0.69 


—0.53 


0.00 


+0.71 


+0.218 


—0.0013 


31t. 


4-30 


+0.68 


—0.25 


0.11 


—0.51 


0.060 


+0.0003 


Septl.. 


7-0 


+0.67 


—0.45 


—0.71 


0.07 


—0.140 


+0.0008 


5.. 


7-0 


+0.35 


—0.17 


—0.59 


0.69 


0.270 


+0.0015 


10.. 


5-0 


+0.35 


—0.83 


0.00 


0.65 


—0.28-3 


+0.0015 


14.. 


4-0 


+0.73 


—0.63 


—0.35 


0.81 


0.265 


+0.0015 


21.. 


3-45 


+0.51 


—0.55 


—0.37 


0.67 


—0.270 


+0.0015 


27.. 


5-30 


+0.67 


—0.41 


—0.33 


—0.11 


—0.045 


+0.0002 


Oct. 4. . 


10-0 


+0.05 


-0.95 


0.99 


1.08 


—0.742 


+0.0041 


12.. 


3-30 


+0.39 


—0.59 


—0.75 


—0.33 


—0.320 


+0.0018 


18.. 


9-0 
4-20 


+0.29 


—2.97 
—1.23 


0.75 


1.13 


1.140 


+0.0063 


19t. 


-0.705 


+0.0039 


23.. 


4-15 


'+0A9 


—1.19 


+0.11 


'^'.55' 


—0.360 


+0.0020 


29. 


5-0 


+0.11 


—0.73 


0.11 


—0.91 


—0.410 


+0.0022 


Nov. 7.. 


21-30 


+0.03 


—1.07 


0.77 


—0.65 


—0.615 


+0.0034 


12.. 


5-0 


+0.01 


—0.68 


0.49 


—0.53 


—0.405 


+0.0022 


17.. 


5-30 


+0.35 


—0.75 


—0.59 


—0.41 


—0.325 


+0.0018 


20.. 


23-0 


+0.27 


1.91 


—0.79 


0.41 


0.710 


+0.0042 


29.. 


0-0 


+0.71 


1.37 


0.49 


0.49 


0.385 


+0.0021 


Dec. 6. . 


5-30 


+0.49 


1.07 


+0.11 


+0.02 


—0.112 


+0.0006 


24.. 


4-0 


+0.23 


—0.95 


0.33 


0.95 


—0.500 


+0.0028 



* Microscopes adjusted anew at 23h. 
t Changed focus of microscope V. 
t Changed focus of VI. 
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From curves which have been constructed from the pre- 
ceding tables we have the following general conclusions: 

For certain periods (as Aug. 10-23, Sept. 20-29, Nov. 1-15, 
Nov. 20-27) the levels of the N. and S. collimators appear to 
change at the same time and in the same direction. For 
other periods (notably Sept. 3-7) they certainly do not 
change together. Hence any conclusions as to the connec- 
tion of both these levels with the temperature or rainfall are 
extremely doubtful, at best. We might expect Tainfall to 
affect the soil below the foundations of the collimator piers, 
(and those of the instrument in a far less degree) while the 
temperature will affect the adjustments of the steel screws 
which hold the Y's, etc. 

I. From the curves it appears that the level of the North 
Collimator varies with the temperature directly. 

II. The level of the South Collimator does not appear so 
to vary. 

III. The effect of rain-fall on the levels is not certain, nor 
marked. In a general way it appears that rain causes the 
north end of each collimator to rise. One would naturally 
suppose that the N. end of the N. C. and the S. end of the 
S. C. would fall, after a rain. 

IV. The azimuth of the instrument varies directly with 
the temperature. As the temperature falls the W. end of the 
axis moves north. 

V. The level of the instrument varies inversely as the 
temperature. As the temperature falls the W. end of the 
axis is raised. 

IV and V are very important deductions. They show that 
the thermometer must be read at the time of determin- 
ing both a and h and at intervals through an observing night, 
and that values of these constants must be interpolated 
varying as the temperature, 

VI. A change of temperature changes the zenith point, 
and for short periods the change of zenith point appears to 
be proportional to the change of temperature, sometimes 
directly, sometimes inversely. A priori we know that this 
change arises from two causes; first a change in the tension 
of the spring which confines the objective in its cell, and 
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second a change in the position of the microscopes on their 
frame. It is probable that the first cause hardly shows in 
the daily curves which have been constructed. The micro- 
scopes themselves move slightly under the effect of changes 
of temperature, but it appears to be a matter of chance 
whether this movement is such as to increase or diminish 
the zenith point reading. 



III. — METHODS OF DETERMINING THE INSTRU- 
MENTAL CONSTANTS. 

COLLIMATION CONSTANT. 

The coUimation-constant is determined b 7 means of the 
horizontal collimators. 

The telescope is first pointed towards the south collimator 
and the movable pair of wires in this collimator is so placed 
as to occupy the space in the field of the telescope between 
the wires D3 and D* ,* or between D4 and D5 . The telescope 
is then placed vertical, and the caps which cover the aper- 
ture in the cube being removed, the observer, at the north 
collimator, superposes the moveable pair of wires in the 
north collimator upon the movable pair in the south collima- 
tor, in the following manner: The pair in the north colli- 
mator is moved until the space between them is bisected by 
the east wire of the pair in the south collimator, and the mi- 
crometer head is read off. The west wire of the pair in the 
south collimator is then mad6 to bisect the same space and 
the micrometer is again read. The mean of the two read- 
ings in the reading of the micrometer when the two pairs 
are superposed. All bisections are made by moving the mi- 
crometer in the direction of increasing readings. Ten bisec- 
tions are made on each wire and the micrometer is set at the 
mean of the readings. The telescope is then pointed to the 
south collimator and four bisections of the space between 
its movable pair of wires are made by the A. R. micrometer 

*For 1883 the spider line reticle was used. The process is similar for 
the glass reticle, which was inserted February 6, 1884. This reticle moves 
with the R. A. Micrometer-screw. 
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and the mean of the readings taken. The telescope is then 
pointed to the north collimator and the same process is re- 
peated. The mean of the readings on the two collimators is 
the reading when the micrometer wire is in the line of colli- 
mation of the telescope. 

Let 
c = coUimation for the middle wire, uncorrected for diur- 
nal aberration, and 
Co == the same corrected, 
Ms = reading of micrometer when the telescope is pointed 

to the south collimator. 
Mn = reading of micrometer when the telescope is pointed 

to the north collimator. 
Mo = reading for co -incidence of micrometer and middle 

wire, 
R = 1 rev. of micrometer in seconds of time, 
cp = latitude. 

Then for Circle West or Circle East; 

r M„+M, -1 . 
c.= R M. —0.021 cos <p; 

L ' J 

= 4'.395 (Mo— i j M„ +M.0 — 0V015. 

If we set the glass reticle so that the R. A. micrometer 
reads i (Mn+MJ then c = o, and Co = — 0\021 cos (p. The R. 
A. micrometer is set at i (Mn + MJ and clamped at this reading. 

The coUimation constant is usually determined once a 
week (Monday) the daily determinations detailed in the pre- 
ceding tables having abundantly shown that the coUimation 
remains constant for much longer periods. The probable 
error for a single setting has been found to be ±0'.010, and 
of the concluded constant 0'.003. 

LEVEL CONSTANT. 

The level constant is determined in two ways, (a) by the 
hanging level and (6) by observations of the nadir. 

(a) The level is placed upon the axis of the telescope, which 
is pointed to the zenith or nadir, with the level tube on the 
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south side, and the level read. It is then placed with tube to 
the north of the telescope and again read. This constitutes^ 
a complete observation. Three complete observations are 
taken. The level tube is fifraduated from end to end and 
numbered from to 60. When the ^est eacA of the bubble 
has the largest reading the readings of both ends are marked 
+ ; in the contrary case — 
The level constant is 

:s w + 2e. 

h = D. 

12 

In which D = 1 div. of the level = 0.'083. 

2 w + ^^ e 

The p. e. of is ± O.'OIO. 

4 

Or of h, it is dz 0.'006 (from three reversals.) 

(6) In the second method of determining 6 the telescope is, 
pointed to the Nadir box, and with the coUimating eye- 
piece the wires of the reticle and their reflected images are 
seen in the field at the same time. The distance between D* 
(the mid- wire) and its image is then measured by means of 
the R. A. micrometer in the following manner: The micro- 
meter wire is placed beyond the reflected image of the mid- 
wire in such a position that the distance between it and the 
reflected image of the mid- wire is equal to the distance be- 
tween the mid-wire seen directly and by reflection. The 
mic. head is read off, and the micrometer wire is then placed 
beyond the mid-wire, so that the distance between it and the 
mid-wire seen directly is equal to the distance between the 
mid- wire seen directly and by reflection, and the mic. head is. 
again read off. This operation is repeated five times. 

Let 

h = level constant. 

c = coUimation constant uncorrected for diurnal aberra- 
tion. 

M = micrometer reading when the wire is beyond reflected 
image of mid wire. 

M * = micrometer reading when the wire is beyond the mid. 
wire seen directly. 

R — value of 1 rev. of R. A. micrometer. 
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Then 



6 =H. R. (M — M')+c. 
— 4».295. Ye (M — M') + c. 



The probable error of a single determination of h from 
each pair of measures of M and M' by this method has been 
found to be ±0"013, assuming c to have been determined with 
a p. e, of =tC'.003. Five pairs of measures of M — M' give 6 
with a p. e. of O'.OOG, which is the same as p. e. of 6 deter- 
mined by three reversals of the spirit level. The value of 6 
varies inversely as the temperature, the coefficient being 
small, however. With the glass reticle let Mo be the reading 
of the R A. micrometer when it is set for c = o. M' be the 
reading of the R. A. micrometer when the middle thread O7 
coincides with its reflected image, then 

6 = 4 '.295 (M' — Mo) Circle W. 
6 = 4'.295 (Mo — M') Circle E. 

AZIMUTH CONSTANT. 

As it has been found to be impracticable to erect a 
meridian mark for controlling the azimuth of the instru- 
ment, the azimuth constant is determined in the usual way 
by combining observations, of polar and time stars, or by 
observation of a circmnpolar star both N. C. and L. C. 

The azimuth constant ^has been found to vary directly as 
the temperature, the coefficient being small, however. 

NADIR-POINT. 

To determine the zero of the circle by observations of the 
Nadir, the telescope is pointed vertically downwards and 
clamped. It is then moved by means of the slow motion in 
declination until the reflected image of the flxed pair of 
horizontal wires (seen by the collimating eyepiece and the 
iUumination from a kerosene lamp shining through a screen 
of oiled silk) is at a distance of 8" to 10" north or south 
of the pair seen directly. The circle is then clamped 
and read, by its pointer and four microscopes. The observer 
then measures the distance between the horizontal wires and 
their reflected image in the following manner: The reflected 
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wires being south of the wires seen directly, the single mova- 
ble Z. D. wire is placed north of the horizontal wires seen 
directly, so that the distance between it and the north hori- 
zontal wire is equal to the distance between the horizontal 
wires. The micrometer head is read off and the movable 
wire is then placed to the south oi the reflected wires, observ- 
ing the same conditions as to distance as in the former case. 
The distance, given by the difference of the two micrometer 
readings, is denoted by (^,. The micrometer wire is then 
placed alternately to the south of the wires seen directly and 
to the north of the reflected wires, in the same relative 
position to them as before, and the resulting distance is 
denoted by 6 2, The apparent distance between the middle 
of the pair of wires seen directly and the middle of the pair 
seen reflected is 

di + da 

J = 

2 

The correction to be applied to the circle reading, to obtain, 
the Nadir-Point is N = ± R. i ((^^ + S'), 

where N = the correction in seconds of arc, 
R = 1 rev. of micrometer-screw, 
= 64".527. 

Use the upper sign when the reading for the reflected, 
wire is less than the reading for the wires seen direct, and. 
the totter sign when it is greater. The 4 microscopes are 
again read after the micrometric measures are concluded,, 
and the mean of the two sets is taken as the circle reading 
to which N". is to be applied. From 108 cases it results that 
the p. e. of a single measure of S^ or 62 is ± Of 19, and thus 
the p. e. of Si + d^ is ± 0.'' 27. As the micrometer correction 
depends upon 4 measures of S^ + 62, its p. e. is ± 0.'' 14. The. 
p. e. of the mean of 4 microscopes is 0.'' 06 (read twice), so 
that thejp. e. of a concluded Nadir-Point is about O.'^IS. 

When the glass-reticle is employed the only spider lines in 
the micrometer box are those of the Z. D. micrometer, i;i2?.r' 
a pair of wires (wire A) and a single wire (wire B). Wire- 
B is almost invariably employed in observation of stars and. 
always in observing the nadir. 
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The sight line of the telescope is supposed to be defined in 
i;he field of view by the position of wire B when it is at 
10.000 revolutions. To determine the nadir point the tele- 
scope is pointed to the nadir box and wire B is put in coinci- 
<ience with its reflected image, four complete measures being 
made. Call the mean of these M. The correction to be ap- 
plied to the circle reading to obtain the Nadir-Point is then 
•<10.000— M) 64."527 (circle W. and E.) 

HORIZONTAL POINTS FROM LEVELLED COLLIMATORS. 

From the series of levels made by Miss Sanborn to de- 
termine the inequality of the pivots of the two collimators, 
it follows that the mean value of the probable error of a 
single determination of p is ±Ofl%, As p is derived from 
the difference of two levellings, each of the latter is affected 
t)y a jp. e. of O.'^ll which may be taken as the p. e. of thelevel- 
xonstant of a collimator. The two series from which this 
value is derived were made with extreme care, and it is 
not probable that this precision could be attained in a regu- 
lar series of observations made at night. It represents 
>rather the extreme limit of precision. The p. e, of the mean 
of 4 pointings of the telescope micrometer on the collimators 
is 0."05, and the p. e. of the mean of 4 microscopes is O.^'OS. 

From these data it follows that the p, e, of a horizontal 
ipoint is0.''15; which is just the same as the p. e, of a concluded 
nadir-point. The nadir-observation is to be greatly pre- 
ferred to the observation of the levelled collimators on ac- 
*€Ount of the greater convenience of the observation of the 
nadir, which can be equally well made in the day or in the 
night, while the collimators are more difficult to observe at 
night when they are required most. 

EQUATOR-POINT. 

To determine the equator-point of the circle in differential 

^observations, the fundamental stars of the Berliner Jahr- 

huch are alone used. These are completely reduced, and 

oach corrected circle-reading compared with the declination 

of the ^ahrbuch gives one value of the equator-point. 
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From what has gone before it appears that the various 
processes relating to the determinations of declination are 
affected with probable errors as follows: 

The probable error of a Nadir-Point (obtained by the pro- 
gramme previously described) is ±0M5. This accidental 
error is to be further increased by the uncertainty due to the 
division-errors of the circle. The p, e. of the reading of a 
single microscope on a single division is ±0''. 16. Supposing 
the circle to be perfectly divided and to retain its shape, the 
mean of 4 microscopes has a p. e, of ±0.''08. 

The p. e. of an Equator-Point from a single fundamental 
star, with the microscopes read once has been found to be 
±0''.62. This includes the effect of deviations of the stand- 
ard declinations from those of a truly normal system. 

From a preliminary discussion of the observations of cer- 
tain stars which have been observed for latitude, for each of 
which the microscopes have been read twice at each obser- 
vation, it follows that the p. e. of an Equator-Point from a 
single star with microscopes read twice may be reduced to 
±0^53. 

In the ordinary practice of determining the Equator- 
Point the microscopes are read twice whenever this does 
not prevent the observation of some one of the stars whose 
declinations are required. We may fairly assume the p. e. 
of an Equator-Point from a single star to be ±0''.60. 

Then we shall have the following table: 

P. e. of an equator-point from 9 stars ±0.''20 

8 stars ±0. 21 
7 stars ±0. 23 
6 stars ±0. 25 
5 stars ±0. 27 

And the p. e. of a single declination depending on an 
equator-point derived 

From 9 stars ±0^65 ) 
From 5 stars ±0^68 j 

If a star is observed three times Circle E. and three times 
Circle W. (and if there is no systematic difference Circle E. 
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and W.) the p, e. of a concluded (catalogue) declination 
from six observations should be about 0''.3. 

It can only be decided by trial whether this degree of pre- 
cision can be realized. As the numbers above depend upon 
actual observations reduced with the Pulkova Refractions, 
and as it appears from our observations of Refraction Stars, 
that we may expect to satisfy the normal system of star- 
places better by a slightly changed refraction, it is to be 
hoped that the p, e. of a single declination will not be much 
above 0".65. Argelander {Bonner Beob. vi, S. xii) found 
for bright equatorial stars iO'.GO. 

ERROR OF RUNS. 

The correction for error of runs of the microscopes is de- 
termined by means of the divisions of the extra arc. The 
arc being brought into the field of one of the microscopes, 
five pointings with the microscope micrometer are made 
upon the division b and then five upon the division a whose 
distance from h is 179''.93. 

Let B = the mean of the pointings on b. 
A ^ " *' " *^ *^ *^ a 

J = distance in seconds of arc between b and a. 
Ei = correction for runs, for microscope I. 
Ei=^— [180''+(A— B)]. 

= 179".93— [ 180"+(A— B) ]. 
Eii, Em and Eiv are formed in the same way and . 

_ Ei + En + Em + Eiv. 

E J 

E 

The proportional-correction to 1" is ; and this quan- 
tity is to be multiplied by the number of seconds between 
the mean of the four microscopes and zero, and applied to 
the circle reading. 
This process is the same circle E or circle W. 
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CORRECTION FOR INCLINATION OF THE MICROMETER-WIRE. 

If a polar star is used to determine the inclination, it is 
bisected at several (sidereal) times t', V, V" by the microm- 
eter which will read 

M', M", M'". 

Let t be the time of transit over the meridian of the in- 
strument, and m an (assumed) micromsber reading corres- 
ponding to ty and dm the correction to m. Let }i be the re- 
duction to the meridian. Then each observation gives an 
equation of the form, m — M' = — dm-— ii — cos S. sin (i' — t) I. 
From all the bisections I is to be found; and the correction 

i" for a star in the parallel (J is 

» 

i'' = I. cos S. sin 15. t'. 

d is the star's declination; f = r — m (Bessel's m); r is the 
hour angle 'counted towards the East, positive; I is the in- 
clination, positive when with the telescope pointed to the 
south horizon, the east end of the horizontal thread is below 
the horizon. 

THE FLEXURE CONSTANT. 

To determine the flexure by the collimators they are turned 
in their Ys, so that their micrometer wires are horizontal 
and near the middle of the field. This precaution is import- 
ant. The wires of the north (or south) collimator are super- 
posed upon those of the other, in the same way as before 
described. Temperatures are read from thermometers in 
front of the objectives of the two collimators and over the 
circle and no series has been accepted when these three 
thermometers did not agree within four degrees Fahr. during 
the whole of the process. In order to obtain such constancy 
of temperature, special care has to be taken with the venti- 
lation of the room. The actual measures are usually made 
with the shutters closed, but they usually have been open 
for some hours previous to the observation. Ten pointings 
of the TS. C. on the S. C. are made and the micrometer is set 
to the mean of the readings. The p. e. of a single setting 

6 
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(two measures) is ± OWb, and of the mean of the 10 it is 
±0''.047. We may suppose half of this p. e. to belong to the 
N. C. and half to the S. C. 

The telescope is then directed towards the S. C. and the 
micrometer zero determined. The p, e, of a single determi- 
nation (two measures) is ±0''.069. Four settings are made; 
p. e, = ±0''.035. The circle is then clamped and the four mi- 
croscopes read: p, e.— ±0''.08. The pair of horizontal wires 
in the S. C. is then bisected by the Z. D. micrometer wire, nine 
times. Thei?. e. of a siugle bisection is ±0''.096; of the mean 
of nine it is ±0^.032. The four microscopes are again read, 
and as their mean is combined with the mean pf the preced- 
ing reading of the same four, the p, e, of the resulting correct- 
ion to the circle-reading ofi account of microscopes is iO'^OS?. 
As far as the telescope and microscopes are concerned we 
have the p, e. of the setting on the S. C. ±0''.074. We may 
allow 0''.024 as the p. e, of the position of the S. C. (that of 
the N. C. being assumed to be the same). Hence the p. e. of 
the whole operation of setting the telescope on one end of the 
line determined by the collimators may be taken as i ''0.078. 
The telescope is then turned through the zenith and set on 
the N. C. in precisely the same way; the operation involving 
the reading of four microscopes before and after, and mak- 
ing nine settings of the Z. D. micrometer on the wires of the 
N. C. The p, e. of the whole operation of setting the tele- 
scope on the other end of the line above described is ±0''.078. 

The telescope is now undamped, and the whole operation 
is repeated on the N. C. It is then turned through the nadir 
and set on the S. C. as before. In each case the p, e. of the 
whole operation of determining one end of an arc of 180° is 
±0".078. Therefore each arc of 180° is determined with a 
p, e, of ±0'M10, and the final value of the flexure from both 
arcs with a, p. e. of ±0''.08. Hence if the flexure is not above 
0".2, the operation must be very carefully conducted in order 
to find any satisfactory results. 

At the end of the series the reading of one collimator on 
the other is tested. In case the co-incidence changes, the 
geries should be rejected. We have occasionally distributed 
a small change proportionally to the time. 
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Let the actual circle readings (with the micrometer correc- 
tion applied) be 

A for the first pointing on S. C.; ) through zenith. 
B for the first pomtmg on N. C; J ^ 

C for the second pointing on N. C.; ) through nddir. 
D for the second pomtmg on S. C. ; J ^ 

h = horizontal flexure. 

Ordinarily B and C are identical. 

n- 7 w of i52h = 180° +(B — A) 
Circle West | ^ j^ _ -^g^o ^ J(. _ j) j 

rv- 7 TP / ( 2h = 180° +(A — B) 
Circle East\^^_ ^g^o ^ J^ _ j^J 

As a matter of fact, the flexure will be determined in the 
course of a series of observations on two selected lists of B. 
J. stars, one the latitude-list, the other the refraction-list. It 
is intended to deduce from these stars such values of the re- 
fraction, the latitude and the flexure as will best satisfy 
AuwERs' fundamental system, and in future to make obser- 
vations in both co-ordinates strictly differential with this 
Bystem. 



IV. — REDUCTION OF OBSERVATIONS IN RIGHT 

ASCENSION. 

REDUCTION TO THE MIDDLE THREAD. 

The telescope has two reticles. During 1883 the spider- 
line reticle was employed. Subsequently, the glass reticle 
will take its place. The equatorial intervals of both reticles 
have been previously given. It only remains to give the 
nomenclature of each. 

THE SPIDER-LINE RETICLE. 

This contains seven groups of wires : 

A 1,2, 3^ Bi, 2,3,4; Oi, 2,3^ Di,2, 3,4,5, 6,7 5 li'l, 2, 8 ^ ^l,2,Z,i] Gti, 2, 8 
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In all twenty-seven wires. All observations are reduced 
to D4. The wires retain their names. Circle East or Circle 
West. An equatorial star. Circle TF*., crosses them in the 
order A G. The revolutions of the R A. micrometer in- 
crease in the direction G A. 

If F* is the equatorial interval of a thread from the middle 
wire, a transit over that wire is reduced to the mid- wire by 
the formula f ' = F* sec. d up to 82° north declination. For stars 
farther north the complete formula Sin. 15t = sin. 15 F" 
sec. S sin. I'' is used. f* = 15t = the reduction for the par- 
allel of the star. K the transits are registered by a mean 
time clock, for F* in the above formulae the quantity 0.99727 
F' must be substituted. 

THE GLASS-RETICLE. 

This contains 5 groups of wires; Li; Mi,2.3; O (13 wires), 

•Pl,2,3, Qi. 

The central group O has 5 wires for its whole length, viz.i 
0„ O4, O7, 0,0, O13. For half the length of the reticle (in Z. D) 
there are two wires, O2, Oa, O5, 0«, etc., ruled between each 
pair of long lines. The intervals of Oi, O2, etc., for Polaris 
are about 30' 

This whole reticle moves with the R. A. micrometer screw. 
L is nearest to the micrometer head. The wires always re- 
tain the same names. An equatorial star circle west crosses 
the wires in the order L Q. 

The reticle of our meridian circle is so arranged that a 
number of threads lie on either side of the central groups 
over which the right ascensions will be observed. In the 
usual practice the star is bisected once before the observa- 
tion of R. A., and once after the observation. After the first 
bisection in Dec. is made, the observer has to take his chrO- 
nograph-key and observe the transits, and then to lay 
down this key and to make the second bisection. It is taken 
for granted that no bisection will be recorded unless it is 
satisfactory. For example, if no satisfactory bisection can 
be made before the transits, the observer always knows that 
he has sufficient time after them, to make at least two bisec- 
tions, and he can therefore be critical. The transits, how- 
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ever, must be taken over certain wires, and it is possible that 
the precision of these transit-observations may be influenced 
by the knowledge of the observer that he has one or more 
bisections to make after them. It is possible to observe the de- 
clination on two wires after the transit (case I); on two wires 
before the transit (case II); on one wire before and one wire 
after the transit (case III). The question is, is one of these 
three ways preferable to the two others? or does the right- 
ascension observation suffer in precision from either of these 
arrangements of the declination bisections? 

The answer to this question should decide the method 
to be habitually adopted. Observations made specially to 
answer the question will not be so valuable as others 
made without reference to it. I have therefore chosen 
60 observations made by observer F. with the Washing- 
ton Transit Circle in 1872, in which instrument the wires 
are arranged similarly to our own. In 20 of these obser* 
vations the transits over 9 wires were observed first and 
the declination was observed after the transits. (Case I.) 
In another 20 the declination was observed over two wires 
before the transits. (Case II.) In another 20, one bisection 
was made before and one after the transits. (Case III.) 

The average mean error of a single transit over a single 
wire was for 

Case I. Case II. Case III. 

E = 0*.028. 0'.025. 0'.025. 

It appears that the precision is practically the same in the 
three cases, and that there is no reason to prefer one method 
to another. To eUminate the inclination of the micrometer- 
thread, the method III will be habitually followed. 

FORMULA. 

The observations in R. A. are reduced by the following 
formula: 

B. A. = T"*. + (J T + m) -f n tan (J j + c sec (J — 0« .021 cos q) sec S 

( + c' sec 6, 

T" = clock time of transit over the middle wire, corrected . 
for the rate of the clock; JT = clock correction. For stars 
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L. C. substitute 180° — (J for 6. With the glass-reticle c sec S 
is made zero by adjustment. 

The star places on which J T, m and n depend are taken 
from the list of the Berliner Jahrbuch, and all stars of this 
list, observed in the course of a night's work, are divided into 
two groups, designated r,s polar and time stars. 

The polar group contains stars north of 65° north declina- 
tion, the time stars are those south of this limit. 

For the determination of (-^ T + m) and n, each known 
star observed gives an equation of the form 

R. A. — T"^ — c' sec d = [ J T + in] + n tan d. 
or R A. — T"' + O'.OIS sec d = 

The mean of the equations resulting from the time stars is 
combined with the equation from each polar and the value 
of n is determined. The arithmetical mean of the individual 
values of n is generally adopted, and being substituted in 
the equation from the time stars, the value of i^:^ T + m is 
determined. 

As a check, the value of n is substituted in each of the 
equation from the time stars and the individual values of 
J T + m computed. The mean of these values should agree 
with the value first determined. 

For the determination of the clock correction ^ T, it is 
necessary to read the level once every hour and thus deter- 
mine 6. Then 

m = 6sec ^ — Titan <^; and J T= (J T + m) — m. 

For an observation for the clock correction alone it is 
sometimes convenient to employ the formula 



A. R. = T^ + J T + A a + B 6 j + C. c' 

or 1— O'.OIS sec d. 



j +C. 

(— 0». 

The quantities 



j^^^^M^^^^^^o^(^-J)^ C-sec (^,D= tan (J. 

^ cos (^ ^ COS d I 

are given in Prof. Watson's (ms.) Reduction Tables for each ( 

star. ] 
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Where the hourly rate is very unsteady the following pro- 
cess may be used. The mean clock correction from a 
g^oup of three or more fundamental stars is taken as cor- 
responding to the mean time of the observations. The appar- 
ent rates between groups are then formed, and platted on 
squared paper with the times as abscissas and the apparent 
hourly rates as ordinates. Each apparent hourly rate is as- 
sumed to belong to the middle time between the two groups 
from which it is derived. A smooth curve is then drawn 
through the extremities of the ordinates, and the final hourly 
rate for any time can be at once read from the scale of ordi- 
nates. The clock correction at any moment pan be had by 
adding to the clock correction at the last preceding group 
the area included between the axis of abscissas, the curve, 
the ordinate through the last preceding clock correction 
and the ordinate through the time for which the clock cor- 
rection is required. This area is quickly and accurately 
measured by an Amsler's planimeter. 



v.— REDUCTION OF OBSERVATIONS IN DECLIN- 
ATION. 

F^^ I Ci'rcil ^S [ ^'^^^^' declinations 
correspond to ] ^^i^gg ^ c Circle readings. 

The observations are reduced by the formula 

Co= C + Rref + Rmic+Rmer + E-in + Rr + Ra + E-div + J ^. 

C = the reading of the setting microscope plus the mean of 
the four microscopes; 

Rref= the correction for refraction taken from the Pulkova 
Tables, unaltered (for the present). 

Circle West. 
^'- 1 po?S \ 'or stars | ^^^ ] of the zenith. 
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Circle East. 

R-- 1 n^gS } f- «<-- { north \ of *he --t^^ 

R„ic=the micrometer correction to reduce the place of the 
star as actually bisected, to the mean between the two fixed 
horizontal threads of the spider-line reticle, or to 10.0 revo- 
lutions for the glass reticle. 

Circle West and East. 

R„,ic iQ positive, when the micrometer reading on the star 
is less than the reading on the mean oE the fixed threads 
(the "micrometer-zero"); negative YAiejith.Q reading on the 
star is greater than the micrometer-zero. 

Rtoer= the reduction to the meridian can be computed from 



XVmer 



t 2 sin.'^ i t. ^ sin. 2d n. sin t. cos^ (^ 1 
sin. Y. ' 2 sin. 1^ J 



The second term will only be sensible when the instru- 
mental n is large, and then only for equatorial stars observed 
at side threads. 

For stars seen direct the upper sign relates to Circle East, 
the lower to Circle West. For stars S. P. the declination is 
counted over the pole. For stars seen reflected the upper 
sign relates to Circle West, the lower to Circle East for stars 
U. C. 

If S is always taken less than 90°, and the numerical value 
of Rmer is computcd regardless of sign as in the following 
table, then 

Circle West (stars seen directly.) 

Rmer = viinus foT North Stars U. C. 
= plus " South " 
-=plus " North " L. C. 

Circle West (stars seen by reflection.) 

R„er = pl'f^s for North Stars U. C. 
= minus " South " 
= minus " North " L. C. 
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Circle East (stars seen directly.) 

R„„ = plus for North Stars U. C. 
= minus " South ^' 
= minus " North " L. C. 

Circle East (stars seen by reflection.) 

B^n = minus for North Stars U. C. 
= plus '' South '' 
= plus '' North '' L. C. 

The numerical value of Rmer can be' taken directly from 
CoPFm and Hubbard's Reduction Tables, Washington Astro- 
nomical Observations, 1845, Vol. I, Appendix I, p. 78, part of 
which is reprinted on pages 90 and 91. 
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Bto — the correction for inclination of thread. 

In our ordinary practice each star is bisected twice on 
threads at equal hour angles + and — ; and Rin is thus elimi- 
nated. 

R^ =« the correction for runs. 

Rfl — the correction for flexure = h sin z. 

Circle West 
^ - { S^Silv'e } '^^ -^ \ north [ o' *^« --«^- 

Circle East 

^ ^ { pSir [ f «r ^'^^^ \ north [ of *i^« -«-*h- 

E«i,-= correction for division errors. 

^0 = the reduction of the latitude from the mercury basin 
(for reflected stars only) to the centre of the cube of the axis. 

^* i« I ^p^us' \ 'o^ -^^ \ soulh f o' *h« ^«-*h- 

The sum of C and the various R's is Co = the corrected 
circle reading . 

If Ne, N"w is the Nadir-Point, Circle E and Circle W, and 
Ee and Ew> the Equator-Point, Circle East and Circle West; 
= the latitude; (J = a star's declination. Then 

Circle West 

d^ = Co — E^ = Co— (180° + N^— (P). 

Circle East 

(^e-Ee — Co = Ne+ ^ - Co — 180°. 
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VI. RESULTS OF INDIVIDUAL OBSERVATIONS 
WITH THE MERIDIAN CIRCLE FROM 1883 
JULY, TO 1883 DECEMBER 31, BY MR. JOHN 
TATLOCK, JR. 

In order to give some data for judging of the perfor- 
ance of the Meridian Circle, Mr. Tatlock has collected all 
those observations of declinations of stars made since July 
1883, for which as many as three determinations are availa- 
ble, and they are given in what follows: 

The declinations are derived from Nadir observations, 
and an assumed latitude of +43° 4' 36''. 64 (U. S. Coast Survey 
value), using the Pulkova refractions unaltered, It is 
probable that both the latitude and the refraction will be 
slightly changed by the series of observations of which these 
positions form parts. And the positions here given are to 
be considered only as one part of the study of the perform- 
ance of the circle, the other parts having been fully set 
forth in what precedes. 

No corrections for flexure or division have been applied. 

The positions serve for 1883.0. 

a Andromedae. R. A = 0*^ 2^ 20^ . 

Date. 

Nov. 28, 1883 +28° 26' 39.^^2 

Dec. 4, 39. 

Dec. 5, 39. 6 

/3 Ceti. 0^ 37"^ 43* . 

Nov. 28^ —18° 37' 43.'8 

Dec. 4, 45. 

Dec. 6, 43. 7 

y Cassiopeae. 0^ 49"^ 39^ . 

Dec. 5, +60° 4' 56.''7 

Dec. 8, 56. 3 

Dec. 10, ^ 57. 3 



i 



- — - 1- - 
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a Ursce Minoris. 1 15*^ 52^ • 

Oct. 16, +88° 41' 6/1 

Oct. 23, 4. 7 

Nov. 28, 5.4 

Dec. 4, 6.0 

Dec. 8, 3.8 

Dec. 10, 6. 1 

y Cetu 1^*54°* 308. 

Nov. 28, —21*' 38' 42/8 

DeCi 4, 42. 9 

Dec; lO, 42. 

a Ursce MinoHs S. P. 13^^ 16» 52« . 

Date. 

Sept. 25, 1883. +88° 41' 6'.4 

Oct. 16, S .4 

Oct. 18, C .3 

Oct. 19, . 6 .3 

Nov. 1, 6.2 

Dec. 4, 5.0 

Dec. 10, 5 .9 

7 Ursce Majoris. 13^ 42°* 56^ . 

Sept. 25, +49° 53' 5r.2 

Oct. 16, [,51 .4 

Oct. 18, 52 .9 

a Bootis. 14^ 10°* 19^ . 

Sept. 25, +19° 47' 29^9 

Oct, 16, 31.4 

Oct. 18, 29.7 

/? Ursce Minoris. 14^ 51°* 3^ . 

Sept. 25, +74° 37' 6r.2 

Oct. 16, 60 2. 

Oct. 18, 59.9 
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d Ursce Minor is. 18^ 10°^ 4« . 

Date. 

Oct. 2, 1883, + 86° 36' 35.'7 

Oct 10, 36.7 

Oct. 18, 36. 9 

110 HercuUs. 18»^ 40"^ 38^ . 

Oct. 3, . + 20° 26' 6.'2 

Oct. 10, 6, 3 

Oct. 15, 6. 4 

o Draconis. 18*^ 49™ 28^ , 

Oct. 10, + 59° 14' 42/8 

. Oct. 15, 43. 

Nov. 1, 43, 4 

A. Aquilce. 1^^(F^2^ 

Oct. 2, — 5° 3' 25.'4 

Oct. 3, 26.3 

Oct. 10, %6, 

The three stars below depend in both co-ordinates upon the 
system of publication XIV of the Astronomische Gesellschaf t, 
having been reduced differentially from stars of the Berlin 
Jahrbuch. 

Lacaille 8252. 



Date. 
Sept. 26, 


19 


R. A. 

47 17!;36 —24° 


Dec. 

13' 


49/7 


Oct. 10, 




17.45 




50,4 


Oct. 15, 




17.24 




50.7 


r 




Lacaille 8777. 






Nov. 1, 


21 


12 59.65 26° 


50' 


0.^7 


Nov. 2, 




59.70 




3.9 


Nov. 6, 




59.48 




3. 6 



Lacaille 9547. 

Nov. 10, 23 33 40.15 —33° 22' 55."8 

Nov. 17, 40.10 55. 6 

Dec. 14, 39.98 51. 4 



VII. LIST OF ONE HUNDRED AND ELEVEN NEW 
DOUBLE STARS AND TWO NEBULJE, EN- 
COUNTERED IN THE SWEEPS FROM DECEM- 
BER 1881, TO JANUARY 1884. 

Note: The numbers are in continuation of those in Vol. I., pp. 77-89. 
These stars hav^all been discovered with a power of 145; those marked 
Caroline I. with the six inch telescope at Caroline Island in the South 
Pacific Ocean. 



No 



61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
75 
76 



Name. 



WiB, ON 468, 



DM, + 11°, 855. 
DM,+ r, 456. 



LL 7187. 
LL 7249. 



DM+18%565 . 
WiB, 8N 996 

WiB, 3\1005, 



AOeg, 3901... 



Berlin charts. 
Berlin charts, 



77 Lam. 35. 



78 
79 



Berlin charts. 



R. A. 18 


180. 

s. 
57 


Decl. 

1880. 


p. 

o 

250 


s. 

» 
1 


h. m. 

28 


o 

4-14 


13 


56 


5: 


9 


30: 


310 


f 


2 27 


53 


+ 11 


18 


280 


1 


2 36 


20 


+- 1 


8 


216 


5i 


3 25 


24 


6 


6 


2 


4 


S 46 


48 


8 


51 


265 


10 


3 48 


54 


—13 


4 


155 


3 


3 49 


50 


—17 


19 


190 


4 


3 50 


53 


+-18 


35 


195 


u 


3 52 


11 


5 


15 


270 


4 


3 52 


21 


— 9 


15 


150 


3 


3 59 


4 


— 9 


4 


210 


2 


5 17 


20 


—17 


23 


50 


2 


5 17 


58 


—17 


18 


50 


6 


5 21 


55 


— 8 


49 


90 


4 


5 28 


36 


—14 


27 


280 


1 


5 39 


45 


—15 


13 


310 


2 


5 42 


57 


—12 


45 


174 


li 


6 14 


13 


— 5 


57 


315 


2 



Mags. 



9. 2.. 11 



10 ' 
9.0 
8.5 
9 



8 

8 
10 
10 

8.8 

9 



10 
9 

10 
9 

10 

10 
9 

10 



.10 

. 9.5 

.12 

.10 

.12 

. 9 

.11 

.10.5 

. 9.5 

.12 

.10 

.11 

.10 

.10 

.10 

.10.5 

. 9 

.12 



Remarks. 
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PUBLICATIONS OF 



No 


Name. 


R. A. 1880. 


Decl. 

1880. 


P- 

o 

184 

190 
245 
160 
40 
210 
280 
275 

270 
280 
290 
225 
265 
210 
280 
160 
315 
250 
175 
230 
220 
125 
170 
325 
200 
120 
250 


s. 

4 

4 
U 

H 

6 

U 
8 

5 

4 
3 

4 

li 

2 

1 

8i 

3i 

8i 

8 

2i 
2i 
2 

n 

2 
2 

4 
1 
2 


Mags. 


Remarks. 


80 
81 


Berlin charts. . 


h. 
6 

6 
6 
6 
6 

7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
9 

• 

9 

10 
10 
10 
10 
10 
10 
10 


m. 8. 
31 41 

38 81 
45 18 
45 86 

57 43 

7 89 
9 20 

14 58 

15 5 
88 55 
85 86 
36 
49 28 

58 40 
54 14 
11 8 
20 89 
30 56 
18 56 
42 28 

9 58 
11 5 
14 14 
14 47 
14 50 
18 
28 35 


14 

—13 
—11 
11 
8 
—19 
—25 
—21 

—22 
16 
16 
—20 
—16 
—10 
—18 
—28 
—22 
+14 
—23 
—27 
-17 
—20 
-20 
-15 
-16 
-19 
-54 


9 

56 
88 
17 
17 
41 
46 
89 

40 
25 
12 

4 
20 

8 
81 
25 
19 
40 
17 

2 
50 

4 
45 
45 

7 
19 
46 


9.0. . 9.0 

10 ..11.5 
9 ..10 
10 ..10. 
10 ..10 
10. 5.. 11. 6 
10 ..11 
9.8.. 9.8 

9. 2.. 11 
9. 5.. 11 
9.5.. 9.8 
9. 8.. 11. 5 
10. 5.. 12 

10 ..11 
9.0..11 
9. 5.. 10. 5 
9. 4.. 10.5 

11 ..11 
9. 8.. 10. 5 
9. 8.. 11 

10.2.. 11. 3 

6.5.. 9 
10. 4.. 11. 3 

9. 5.. 10. 5 
10 ..10 

9? ..10? 

8.5.. 9 


S. p. a di 
(Howe) 84% 
8.. 11. 

H. 8950 
near = A 
6604. 

? 

Hazy. 
Caroline I. 


T' 


^2 






«3 
M 


Berlin charts. . 




85 






87 




is 


88 
89 


A e, 6629 . . . 


e. 


90 
91 


A e, 7228 . . . 




92 






93 






94 
95 


LI. 15649 




96 






97 

98 

99 

100 


D M. + 14°, 1984 
A e, 9673 . . . 




101 
102 


AOe^ 10498 .. 




103 
104 


T^m. 158 




105 
106 


AOej, 10588... 
Stone 5791 
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99 



No 




107 
[08 
L09 
[10 
11 
[12 
[13 
[14 
[15 
[16 
[17 
[18 
[19 
L20 
L21 
[22 
L23 
124 
L25 
126 
[27 
128 
L29 
130 
[31 
132 
133 
IS4 
[35 



B. B. vi, 68?... 
AOea, 10830... 
AOej, 10860-1. 

Berlio charts. . 
Lac. 4936 

Lac. 5223 

DM. + 8% 2644.. 

Lac. 5434 

LI. 27090 

Stone 8250 

Lam. 1868 

W. M.Zones,255 
Lac. 6488 

AOCa, 15527... 

Stone 9221 

AOe,, 16701... 
AOe,, 16726... 
AOe„ 16764-5. 



R A. 1880 


Dec 1880 


P 

o 

310 


s 

If 

1 


h, m. 
10 29 


s. 
40 




-17 


19 


10 33 


16 


-16 


57 


37 


1 


10 37 


21 


-20 


24 


140 


2i 


10 40 


1 


-19 


5 


270 


3 


10 49 


38 


-17 


40 


60 


10 


11 31 


28 


-60 


14 


350 


u 


11 47 


45 


-13 


43 


260 


4 


11 48 


58 


-55 


25 


230 


2 


11 57 


40 


-57 


5 


240 


li 


12 31 


24 


-55 


16 


205 


H 


12 43 


4 


+ 8 


18 


200 


2 


13 1 


16 


-52 


5 


200 


H 


13 6 


59 


-62 


57 


40 


li 


14 46 


46 


+ 8 


16 


220 


15 


15 3 


33 


-51 


38 


220 


3 


15 28 


26 


-10 


7 


845 


2i 


15 35 


56 


-21 


82 


135 


4i 


15 36 


11 


-50 


24 


210 


2 


15 53 


9 


-20 


4 


305 


6 


15 53 


45 


-20 


6 


40 


3 


15 58 


35 


-20 


10 


130 


3 


16 13 


16 


-18 


7 


255 


4 


16 17 


47 


-18 


19 


135 


5 


16 19 


31 


-18 


13 


190 


1 


16 50 


15 


-56 


25 


125 


2 


17 11 


36 


-23 


52 


35 


5 


17 16 


35 


-21 


36 


170 


1 


17 17 


42 


-21 


20 


155 


8 


17 18 


44 


-19 


11 


105 


3 



10. 5.. 11 
8.4.. 9.1 
9. 8.. 10. 5 
9 ..10 
9 ..11.5 
8.5.. 9.5 
9.5. .10 
7.5.. 8 
8.5.. 9.5 
7.O.. t/.o 
9 .. 9 
9.5.. 9.5 
7. 5.. 10 
7.7.. 10 
7.5.. 9 

10. 5.. 11 
9 .. 9.8 
7 .. 9 
9.2.. 9.5 
9 ..11 
8.5. .10.7 
8.7.. 9.7 
9. 2.. 10. 5 

10. 2.. 10. 2 
7. 5.. 10 
9 ..10 
8.8.. 9.2 
6. 5.. 12 
9.0..11.5 



Remarks. 



Hazy; mags.? 



A yellow, B 

blue. 
Caroline I. 



Ditto. 
Ditto. 
Caroline I. 
p = 20° ? 
Caroline L 
Ditto. 

Ditto. 



Ditto. 



Caroline I. 
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PUBLICATIONS OF 



No 


Name. 


R A. 1880. 


Decl. 

1880. 


P- 

o 

95 


s. 

* 
1 


Mags. 


Remarka 


136 


Lac. 7315 


h. 
17 


m. 
23 


s. 
16 


o 

-40 


57 


8.0. . 8.5 


Ditto. 


137 




17 
17 


31 
34 


17 
19 


-19 
17 


1 
54 


255 
270 


1 
3 


10 ..11 
9. 5. .10. 5 




138 


AOe„ 17072... 




139 


LI. 33716 


17 


48 


13 


-11 


37 


140 


6 


7. 5.. 11 


• 


140 




17 
18 


53 

7 


56 



-20 
-23 


47 
42 


260 
30 


3i 
2 


9 ..10 
9. 5.. 10. 5 




141 


AOe„ 17868... 




142 


% 

LI. 33492 


18 


7 


58 


-11 


15 


225 


n 


10.0.. 10. 5 




143 


Lam. 549 


18 


10 


54 


16 


54 


110 


3 


10.0.. 11 


/?463? 


144 


Y. 7794 


18 


18 


29 


-21 


6 


45 


7 


O.8. . 8.8 




145 


Lam. 667 


18 


35 


53 


-15 


80 


40 


1 


10 ..10 




146 




18 
18 


37 
42 


27 
49 


-17 
-17 


39 
2 


230 
295 


1 
3 


10 ..10.5 
9.7. .11.5 




147 


AOea, 18713... 


Hazy. 


148 


AOeg, 18742... 


18 


43 


56 


-16 


54 


20 


15 


9 ..13 




149 




19 
19 


15 
15 


16 
56 


18 
-11 


37 
51 


185 

110 
150 

210 

190 


li 

li 
20 

2 


10. 5.. 10. 5 

9.8. .11.5 
9. 8.. 12 

10. 3.. 10. 7 

9. 5.. 10 




150 


j LI. 36456 

' •••• »• 


AB. 
AC. 


151 




19 
19 


16 
25 


52 
4 


—18 
-17 


44 
4 




152 


AOe„ 19672... 




153 




19 
19 
19 


48 
58 
59 


58 
56 
43 


-13 

—14 

13 


24 
46 
43 


120 
215 
270 


3 
2 

li 


10 ..11 
10. 5.. 10. 5 
8.0. . 9.5 




154 






155 


Wi B, 19h, 1463 




156 


TAm. 7278 


20 





3 


+ 1 


39 


255 


H 


9. 8.. 10 


• 


157 


Ijam. 477 


20 


8 


35 


—24 


34 


230 


3 


10 ..11 




158 


Ijam. 7462 


20 


15 


14 


+ 2 


28 


40 


2 


9. 5.. 10 




159 


• 


20 
20 


23 
26 


7 
10 


—12 
—13 


41 
57 


280 
185 


2 
li 


11 ..11.5 
9.2.. 9.2 




160 


WiB,20»», 612. 




161 


LI. 39532 


20 


26 


17 


9 


18 


60 


2 


9 ..10.5 




162 




20 
20 


37 
38 


33 
17 


—14 
— 9 


8 
42 


140 
100 


2i 
2 


li ..11 
9 .11 




163 


LI. 40034 
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No 


Name. 


R. A.,1880. 


Decl. 

1880. 


P- 

o 

120 


s. 

// 
5 


Mags. 


Remarks. 


164 


WiB,20h, 988. 


h. 
20 


m. 
39 


8. 

58 


/ 

—12 44 


9 ..11 




165 


AOe„ 21032... 


20 


53 


49 


—18 7 


150 


4 


8. 3.. 10. 5. 




166 


AOe„ 21387... 


21 


19 


39 


—21 56 


60 


3 


9 ..12 


• 


167 




21 


36 


53 


—14 43 


300 


3 


11 ..11.5 




168 




21 
22 


54 
24 


• • 

20 


—15 20 

19 48 


344 
170 


2i 
li 


10 ..11 
8. 5.. 10 




169 


AOej, 22195... 




170 


W. M. Z.146.. 


23 


6 


24 


—22 35 


290 


H 


9. 2.. 10 




171 


WiB,22S 195 


28 


11 


32 


+16 12 


10 


3 


9 ..10 





No. 

24. 1882. April 20. 

May 14. 

25. 1882. May 14. 



TWO NEW NEBULA. 

R A. I860; K P, D. 
12*^ 30"* 56'; 87° 44'. 

W 1™ 12'; 100° 40'. 



Description 

S. F. B M. Stell. N. 

as before. 

S. F. SteU. N. ) 
n. p. G. C. 4055. ) 



The following known nebulae have been seen and iden- 
tified: 

G. C. 156; 185; 418 (extended 45°); 551; 582; 586; 656 (F. Stell. 
N., exactly s. of a star 10 mag.); 707, (stellar p. F.); 
933; 964, (F, N, irr. fig. Ex. n. and s.); 1539; 1559; 1613, 
(cl. with a central vacuity, which is circular and 2' in 
diameter): 1838, (p. B. Ex. 150°, 2' long; connected with 

stars 13 14. Nuc. in n. p. end of Neb. 1882, April 

6, and April 10, p, B.); 1886; 2023; 2294; 2296; 2341 
(double nucleus?); 2944; 2979; 2999; 3005 (not large 3'±;) 
3090; (R. A. 12^ 28™ 0\ K P. D. 89° 27'; F. S. b. M.); 
3125; 3166; 3660; 4055, (F. L. 4' in diameter, probably 
its R. A. to be corrected by + 3"); 4293; 4333; 4397; 
4414; 4510; 4543; 4608; 4628; 4738; (wo<p. s.,Ex. 90°b.M., 
4' long, li' wide); 5648, (extended); 5651 (extended 120°); 
5652 (D'Arrbst says p. B; v. F., June 7, 1882); 5657 (N. 
P. D. of supplement to G. C. to be corrected by — 1°.) 
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PUBLICATIONS OF 



VIII. OBSERVATIONS OF 119 RED OR COLORED 
STARS BETWEEN 1881 DECEMBER 2« AND 1883 
DECEMBER 31. 



N. B. — ^The numbers are in continuation of the observationB printed im 
Vol. L, page 161. The stars are those met in the sweeps. 



No 


Name. 


R. A. 1880. 


Decl. 

1880. 


Date. 


Remarks. 


85 


B. B. vi, no. 61 


h. 



m. 

21 


8. 

44 


o 

+15 


49 


83.70 


Orange yellow; 7.3; 
Arg. 9. a I 


86 


B 48=T Arietis. . . . 


2 


41 


38 


+17 


1 


81.99 


Red; mag. 8.0. Hazy 
sky. 


87 


54 Arietis 


8 


1 


33 


+18 


20 


81.99 


Fine or. yell.; 7.2. 
D. M. 6.5 mag. Sky 
hazy. 


88 


W,R4.»»488 


4 


24 





+23 


5 


83.91 


7.5 strong reddish 
yellow; Bessel 7.8; 
D. M. 7.4. 


89 




4 


69 


41 


—22 


3 


82.10 


Fine red; 9.5 masr. 






Feb. 7-8. 


90 


B. 97 e Leporis... 


5 





22 


—22 


82 


82,10 


Flaming yeUow; not 
red. 


91 


LL 10976 


5 
6 


41 
33 


17 
47 


-h 2 
—14 


52 
2 


82.04 
82.05 


Reddish; 7.8 mag. 
Or. yelL; 5.8 mag. 


92 


U. 12825 


98 




6 


47 


15 


— 4 


27 


82.14 


Or. red; 8.7 (Feb. 22. 
mag. ( Feb. 24. 






94 


B. 157 o'Caii.maj. 


6 


49 


9 


-24 


2 


82.15 


Brilliant or. red. 


95 




6 


57 


1 


— 8 


16 


82.14 


Feb. 22, 7.5 mag; Mar. 
13, 8 mag. ; reddish 
star in CT. M. 50. 








B. 163 


6 


57 


11 


8 


10 




I did not see this star 






1882 Feb. 22, 24, and 
Mar. 13. 


96 


Wi B, 213 


7 


8 


26 


— 9 


3 


82.15 


Red.; mag. 9; Bessel 
(8). 
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Ko 



97 



98 
99 

100 
101 
102 

108 
104 
105 

106 
107 
108 

109 

110 
111 
112 

113 
114 
115 

116 

117 

118 



Name. 



AOe„6521 

B. 178 

h. 3973 

B. B. vi, 109 

A.Oe,, 7226 

A. Oe„7906 

B. B. vi, 34 

B. 202=/? 207 = LI. 
17091 

B.211 

LL 18646 

LL 18660 

WiR,453 

A 06.9763 

LI. 18762 

LI. 18996 

LL 19796 

B. B. vi, 5 

RB. vi,18 

B. 242 

LL 20671 



R. A. 1880. 



b. m. 8. 
7 11 36 



7 23 36 

7 26 37 

7 33 59 

7 34 39 

7 85 32 

7 59 25 

8 14 54 

8 33 44 

8 48 37 

9 22 15 
9 22 29 

9 22 31 

9 23 41 

9 26 06 

9 33 55 

10 3 30 

10 4 44 

10 5 36 

10 12 11 

10 31 38 

10 36 14 



1880. 



22 36 



-10 5 

-20 41 

-16 35 

—18 46 

-16 14 

-17 20 

-23 5 

—19 19 

+ 17 41 

— 9 30 
- 9 281 

— 9 48 

—20 14' 

— 9 51 

—10 la 

—12 47 

—11 45 

—18 22 

—20 26 

—12 46 

—13 09 



Date. 



82.15 



82.15 
82.11 

82.25 
82.19 
82.25 

82.19 
82.21 

82.15 

82.11 
82.27 
82.27 

82.27 

82.28 
82.27 
82.80 

82.27 
82.27 
82.30 

82.83 

82.80 
82.30 



Remarks. 



Arg. mag. is (8) Dup. 
300% 70", 9.3, 11, A 
reddish, B, blue; 
Feb. 24; Mar. 2, and 
Mar. 10. 

Or. red; 7 mag. 

Dup.40%7% 8.5— 9.5 
A. white B. a re- 
markable dull red . 

Yellow; 6.5 mag. 

Reddish; 8.0 mag. 

Dup. 150% 15"; A. red- 
dish, B. blue. 

Or. yeU.; 6-7 mag. 

Or. yellow; 6.5 mag.; 
Mar. 18— Mar. 27. 

Dup. A. or. red; 6.5 
mag; B. bine; d 
mag. 

Or. red; 8 mag. 

Yellow. 

YeUow;Dup.40°„12% 
7.Ch-10.5. 

Or. yelL ; mag. 7; Bes- 
sel (8). 

Or. yelL; 6.5 mag. 

Or. yell.; 6.5 mag. 

Reddish yellow; 8 
mag. 

Or. yellow; 7.5 n:iag. 

Yellow; 4-5 mag. 

Reddish yellow; 6.5 
mag. 

Reddish yellow; (3n) 
7.0. 

Or. red; mag. 6. 

Or. red; 7. mag. 
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No 



119 



120 
121 

122 

123 
124 

125 

126 

127 

128 
129 

130 

131 
132 
133 

134 



Name. 



R 250— R Crateris. 



AOe, 11453 

Lac. 5384 

LL 24769 

M. Virginis = LI. 
25258 

B Apodis 

B.344.... 

AOea, 15000 

AOe„ 15036-7.... 

A Oe,, 15053 

AOe„15055 

AOe„ 15982 

Lac, 7152 

A Oe„ 16779-80... 



R A. 1880. 



b. m* 8. 
10 54 89 



185 



B. 410 



11 25 50 

12 58 28 

13 10 24 
13 15 43 

13 85 19 

13 53 41 

14 59 56 

15 37 22 

15 47 49 

15 49 22 

15 49 56 

15 50 17 

16 37 15 

17 4 5 

17 19 41 



17 22 39 



DecL 

1880. 



—17 41 



-23 53 

—51 28 

—63 57 

—13 47 

— 8 06 
—76 13 

—15 47 

— 1 19 

—20 28 

—20 25 

—15 29 

-15 41 

—18 19 

—56 44 

—21 22 



Date. 



—19 23 



82.29 

82.80 

83.28 
83. 

88. 
82.35 

82.35 

88. 

82. 

82.48 

82.44 

82.43 
82.49 
82.43 

82.49 

82.45 

82.45 
82.48 
88. 

82.48 

82.49 



Remarks. 



82.51 



9.7 mag; very red; a 
blue star, 11 mag. ; 
prec. R 4».5. 

Certainly not above 
9.0 mag. 

Dull or. red;8.2mag. 

Reddish; 7.5 mag. 
(Caroline L) Stone^s 
mag. 6. 

Brick red ; 7 . 7 (Caro- 
line L) 

Or. yell.; 7 mag. 



Or. yelL; 5.5 mag. 

Fine or. red; 5 . mag. 
(Caroline I). 

Not " very red," but 
a fine or. yell.; 
mag. 6. 

Deep red; 10.3 mag. 
Red; 10 mag. 

Or. red; 8-9 mag. 
Or. red; 7.8. 
Or. red; 8 mag. 

Or. red; 7.3 mag. 

Slightly reddish; 8 
mag. 

Fine or. yell. ; 7 mag. 

Orange; 7.2 mag. 

Red; 7.0 mag. Stone's 
mag. 6.,(Caroline I.) 

Reddish yeUow; 7.5 
mag. 

Reddish yellow; 7.5 
mag. 

AOe. has (6.7) and 
7. Moonlight 

Very red ; 7 . 5 mag. 
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No 



136 



187 
138 

189 

140 

141 

143 
143 

* 

144 
145 

146 
147 
148 
149 

150 
151 
152 
153 
154 
155 



Name. 



B. B. vi59. 



R. A. 1880. 



h. m. 8. 
17 26 31 



LL 32694-5-6 

LL 32870 

A O e^, 17509 

TJ. 33012 

A Oe„ 17627-8.... 

AC eg, 17658-9.... 

WM Z 

LI. 33301 

AOeg, 17741-2... 

LI. 33334. 

LI. 33361 

AOeg, 17871 

AOeg, 17917 

LI. 33605 



17 47 27 

17 51 58 

17 55 15 

17 55 38 

» 

17 59 36 

18 27 
18 30 

18 3 3 

18 3 6 

18 4 5 

18 4 46 

18 5 59: 

18 6 36 



Deal. 

1880. 



Date. 



o t 

22 5 



18 
18 
18 
18 



6 44: 

7 03 

8 24 
8 31 



18 10 43 
18 11 84 



—11 19 

—11 51 

—22 54 

—12 19 

—22 

—22 15 

—21 52 

—11 46 

—26 3 

—11 3 

—11 20 

—18 58: 

—19 16 

—19 7: 

—21 45 

-18 58 

—20 

—12 46 

—13 29 



82.49 



82.54 
82.58 

82.49 

82.58 

83.61 

83.61 
83.61 

82.54 
82.49 

82.54 
82.54 
82.54 
82.54 

82.54 
83.61 
83.57 
83.61 
82.58 
82.58 
82.61 



Remarks. 



Reddish; 7.7 mag. 

Abgelander gives 

(8.0) mag. 

W. T. Z. 245, gives 
(9) mag. 

July 1 and 3; 7.5 mag. 

Strong yelL ; 6 . 7 mag. 

Strong reddish; 7.8 
mag. 

Orange; in trifid 
neb; 8-9 mag. 

Strong reddish; 6.8 
mag. 

Fiery yellow; 7.5 
mag. 

Yellow, 7.8 mag. 

Reddish yellow; 7.7 
mag. 

Red; 7.0 mag. 

Or. yell. mag. 7.0, 
Arg. (8) and (7). 

Reddish; 7-8 mag. 

Reddish 6-7 mag. 

Or. red; 9 mag. 

Very deep dull red; 
8.7 mag. 

Red; 8.8 mag. 

YeUow; 6. mag. 

Or. red 7.5 mag. 

Grood red star; 9.5 

Reddish 6.7 mag. 

Deep red; 9.2 mag. 

Dup. 265°, 40" 9.2—13. 
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No 



156 

157 

158 
159 

160 

161 
162 

163 
164 



Nama 



Lac. 7638. 



AOe„ 18084, 



W. Z, 



AOe„ 18162-8. 



AOe., 18165-e-7... 

AOea, 18250 

AOe„ 18263 



Lamont 90. 



165 B446. 



166 



167 



168 



jAOe,, 18501-2= 
1 Lam. 648. 



} 



AOe„ 18577. 



LI. 34679. 



169 LL 34753. 



170 

171 
172 

178 
174 



LI. 34764. 



AOeg, 18676, 
AOeg, 18827. 

LI. 35249-50. 



R A. 1880. 



h. m. 8. 



18 la 10 



18 14 8 



18 16 59 
18 17 11 



18 17 32 



18 20 59 
18 21 27 



18 24 18 

18 24 26 

18 25 53 

18 32 11 



18 35 51 



18 36 51 



18 38 36 



18 38 49 



18 41 13 

18 47 59 



18 49 43 



DecL 

1880. 



o / 



—61 33 



—24 58 



—19 27 
—19 52 



—19 48 



-21 19 
—19 51 



—21 20 
—17 30 
—14 57 



—15 09 



—19 24 



AOe„ 18957-8 118 54 24 



—11 27 



—12 43 



—12 43 



—16 54 
-16 40 



—11 29 



—22 52 



Date. 



Bemarkfi. 



82.63 
83 

82.49 

83.58 

83.58 

83.58 

82.52 
83.57 

82.52 
83.60 

82.58 
83.58 

82.54 

82.58 

83.56 

82.61 

82.61 

82.63 
82.56 

82.56 
82.61 



9.5, as before. 

Or. red 6 mag. Ston« 
5.4 mag. (Caroline L) 

Or red, 6.5 mag.; Arg. 

(7). 

Yellow, 8. 8 mag. 

Yellow, 9 mag. Arg. 

(8) (9). 

Yellowish red, 9 mag. 
Arg. (7.8} (7) (8). 

Red, 8.9 mag. 

Yellowish red, 8.0 
mag. 

Red, 8.7 mag. 

Good red, 10 mag. 

Fine or. red, 5.8 mag. 

Reddish yellow, 9 
mag., Arg. (7) (7) 

liAM. (9). 

Strong reddish; 7.5 
mag. 

Or. red, 6.5 mag., 
moonlfght. 

Strong reddish, mag. 
8.5 (?) LI. gives (7). 

Strong reddish, 8.8 
mag. 

Strong reddish, 8.5 
mag. 

Or. yellow, 7.8 mag. 

Reddish, 8.5 Jmag. 
Arg. has (7). 

Strong reddish, naag. 
8.8. LI. has (7) and 

(7.5). 

Orange, 6.7 mag. 
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lor 




175 
176 
177 

178 

179 



AOe„ 18995-6. 
B.483 



LI. 35878, 



B.488. 



A. Oe«. 19382 



8> 



h, ID. s. 

18 56 »)[ 

18 58 

19 4 09 



19 9 19 



19 12 17 



180 



B. 505. 



181 



182 



LL 37388. 



A. Oe„ 19954-^^= 
Lam. 1003 



183 

184 

185 
186 

187 



Wi B., 1106 



Wi B., 1319 



A. Ocj, 20216-7-8. 

D. M. 37% 3821= 
W, R 258 



A. 545. 



188 
189 



B. 564=70 Aquilae 
Lamont 3912 



R. A. 1880. 



19 27 26 



19 36 17 



19 40 15 



19 45 03 



19 54 23 



19 58 32 



20 7 44 



20 10 5 



20 30 29 
20 33 58 



Decl. 
1880. 


Date. 


o 


1 




— «2 


£3 


82.61 


5 


52 


83.66 


—12 


20 


82.61 


—17 


11 


83.60 


—16 


8 


83.66 






83.69 


—16 


38 


82.61 
82.63 






83.65 






83.66 


—14 


31 


83.65 


—17 


22 


83.60 
83.64 


—13 


20 


88.65 


—14 


16 


83.65 


-16 


42 


83.65 


+ 38 





83.97 


—21 


41 


82.67 
83.74 


— 2 


58 


83.67 


3 


4 


88.66 



Remarks. 



Bed, a2 mag« 

7 mag., very red. 

Mag. 7.0. B. C. says:: 
"variable." 

Yellow red, = T SagU 
tarii; mag. 9. 

Red 8.5; sky very 
hazy; Abq, (7) Lam. 

(7-«). 

Orange red; 7.5 mag^ 

Red; 7 mag. 

Red; 7.0 mag. 

Very red; 7 mag.;, 
sky hazy. 

Very red; 8 mag.;: 
sky hazy. 

Yellowish red; 9 

mag.; Dup. 9 

— 12. 60% 20*. 

Fiery yellow; 7.5^ 
mag. 

Reddish yellow .. 

ARa.(6.7) (7) Lam.. 

(7). , 
Or. red; 7.5 mag.; 

Bbssbl (6-7.) 
Orange; 7 mag.; Bbs-^ 

SEL (7). 

Or. yellow; 7 mag.; 

Aaa. (7)(8)(7.8). 

7 mag.; strong red 
yellow. 

7; very red. 

6.9 mag.; deep dull 
red. 

Or. red; 4.5 mag. 

Yellow; 6.5 mag.; 
Lam. (8-9). 
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190 



191 



192 



198 
194 



195 



196 



197 



198 
199 
^00 



201 
202 

203 



Wi B., 1004 

Wi B.,1069. 

Wi B.,1269. 

Lam. 8006... 
Wi B., 1563. 

Wi B.,65... 

Wi R, 140. . 

Lam. 4245... 

Lam. 8300... 
Lam. 4278... 

B. 596 

W.i B., 1139. 
Lamont 3902 

W.g B., 886.. 



R. A. 1880. 


DecL 
1880. 


Date. 


h. m. 


8. 


o 


/ 




20 40 


50 


— 2 


56 


83.66 


20 43 


07 


— 1 





83.66 


20 51 


03 


+ 


1 


83.66 


20 57 


16 


— 2 


48 


83.66 


21 2 


38 


6 


4 


83.66 


21 5 


38 


6 


18 


83.66 


21 8 


45 


— 6 


3 


83.66 


21 16 


37 


— 3 


3 


83.66 


21 20 


09 


— 2 


13 


83.66 


21 22 


07 


— 3 


23 


83.66 


21 40 


19 


— 2 


46 


83.66 


21 50 


04 


— 5 


20 


83.66 


22 20 





—14 


43 


83.73 


23 42 


32 


+27 


42 


83.70 



Remarks. 



Yellow; 7 mag.; Bee- 

SEL (7). 

Yellow; 7 mag.; Bes- 
SBL(7);Lam. (6.7). 

Yellow, 6.5 mag.; 

Bessel(7). 

Yellow; 8 Lam. (8.9). 

Yellow ; 6.5 mag. ; 
Bessel (7) Lamont 

(8.9). 

Yellow; 7.5 mag.; B. 
blue 200° 10"— 7.5 
11. 

Yellow; 7.7 mag.; 
Bessel (7). 

Yellow with blue 
comp.; 9 — 10.5. 

Reddish yelL ; 9 mag.. 

Yellow; 8 mag. 

Very red; 6.7 mag. 

Or. yelL; 8.7 mag. 

9 mag. ; reddish yel- 
low. 

Reddish yellow; 8.3 
Arg. 7.5; W. B. 
7.5. 
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IX. OCCULTATIONS OF FORTY STARS BY THE 

MOON (Immersions). 

The first twenty-two occultations were observed for com- 
parison with such as might be recorded by the various 
Transit of Venus observing parties. They comprise all vis- 
ible at Madison during the period 1882, October 16th to 
1883, January 16th. Some of the stars are too small, how- 
ever, to have been observed with six-inch telescopes. The 
observers are denoted by their initials, as follows: 

E. S. H. = E. S. HoLDEN. Observations made by eye and 
ear, using a sidereal chronometer, compared (usually before 
and after) with the standard clock. 

Q. C. C. = George C. Comstock; observations as above. 

C. M. C. = C. M. CoNRADSON, whose two observations of 
1882, December 15th. were recorded on the chronograph. 

J. T. = John Tatlock, Jr. Observations recorded on the 
chronograph. 

The times are Madison mean times. The aperture em- 
ployed was 15^ inches. The power was usually 145. The^ 
relative positions of stars and the moon's limb were read 
from a glass scale in the eyepiece, and are true to about 1'. 

Those stars not identified are either not in catalogues, or 
in several cases they are such as were observed just before 
clouds covered the sky, so that they could not referred to 
known stars. The magnitudes assigned to stars near the 
moon are often quite erroneous, my own in particular being 
nearly one magnitude too bright. 

1882, October 16. 

1. A star 2'.5 south of moon's center disappeared at 7^ 51"* 

28".73, Madison m. t. The time is uncertain by ±0".5, 
The moon was very low, and set before any others, 
could be observed. E. S. H., observer. 

1882, October 17. 

2. A star (about 10 mag.) 5' south of moon's N. L. disap- 

peared at 5^^ 50"* 5".46. Fair observation. E. S. H.„ 
observer. 
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3. A star 1' south of moon's N. L., was lost in the moon's 
glare at 7*" 1" 3".66. This is very nearly the true time 
of immersion. E. S. H., observer. 

4* A star (9 mag.) 7' south of moon's N. L., lost in the 
moon's glare at 7*" 6° 19".79. This is very nearly the 
true time of immersion. E. S. H., observer. 

5. A star (8 mag.) 12' south of moon's N. L., disappeared at 

7^ 10" 30'.21. Good observation. E. S. H., observer. 

6. A star (8 mag.) lOi' south of moon's N. L.. at 21*" 10" 

sid. t., disappeared at 7** 31" 57".98. Good observation. 
E. S. H., observer. 

7. A star (8.5 mag) A O ea, 17728, disappeared at 7** 43" 

19\45. E. S. H., observer. 
3. A star south following 7, disappeared at 7^ 42" 41".'92. 

Good observation. E. S. H., observer. 
9. A star (9 mag.) 1'.5 south of moon's center at 21^ 33" sid. t., 

disappeared at 7*" 56" 48M0. Satisfactory observation. 

E. S. H., observer. 

October 18, 1882. 

10. Yarnall 8087 disappeared at 6*^ 30" 53".96. Good observa- 

tion taken between thick clouds, which prevented the 
observation of Yarnall 8088. E. S. H., observer. 

11. A star (6 mag.) about 10' ± south of moon's N. L., disap- 

peared at 9** 8" 53.90*. The observation taken through 
thick clouds, and uncertain by about ±0".3. E. S. H., 
observer. 

1882, October 19. 

12. A star (9 mag.) about 6'.5 north of the moon's south 

limb disappeared at 7^ 7" 38'. 57. Good observation. 
E. S. H., observer. 

1882, November 15. Hazy sky. 

13. A star (9 mag.) 10'.5 south of moon's N. L., disappeared 

in the glare at 5*" 18" 53". Probably this time is not so 
much as 1" wrong. E. S. H., observer. 

14. A star (9 mag.) 5'.8 south of moon's N. L., disappeared 

at 5^ 27" 52'.59. This time uncertain by about 0'.3. 
E. S. H., observer. 
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15. A star (9 mag.) disappeared 5' south of moon's N* L., at 

5h 42» 16'.22 This time isimcertain about 0*.5. E. 8. H., 
observer. 

16. A star (8.5 mag.) disappeared exactly at moon's north 

point at 6^ 0"* 11'.68. Good observation. E. S. H., ob- 
server, 
ir. A star (A Oej 1991!J-3-4) disappeared at 6^ 22" 42'.58. 
The time is uncertain by 0'.2. No more stars could be 
observed on account of a dense mist. E. S. H., obser- 
ver. 

1882, December 14. 

18. A star (9 mag.?) disappeared at 7^ 29" 5r.62. The star 

was 3' south of moon's N. L., and is probably Lament 
" 3606. E. S. H., observer. 

19. A star (8 mag.) = LI. 41526-7 about 10^' north of moon's 

S. L., disappeared at 7*' 55" 0'.09. Good observation. 
E. S. H., observer. 

],882, December 15. 

20. A star (LI. 43386) disappeared at 7*^ 35" 56M9. C. M. C, 

observer. 

21. A star (LI. 43400) disappeared at 9" 46" 9».26. Good ob- 

servation. C. M. C, observer. 

1883, January 13. 

22. 22 Piscium disappeared at 8*^ 36" 52'.49. Good observa- 

tion. E. S. H., observer. 
No more occultations could be observed before my depart- 
ure from Madison on the expedition to observe the total 
eclipse. 

1883, April 11. 

23. D M., 19% 1023, disappeared at 9*' 36" 21\2. G. C. C, ob- 

server. 

24. A star, 10^ mag., about 40" from the N. cusp., disappeared 

at 9^ 37" 9-.3. G. C. C, observer. 

25. A star, 10 mag., about 40° from the N. cusp., disappeared 

at 9*^ 38" 7".7. G. C. C, observer. 

26. D M. 19°, 1024, disappeared at 9^* 50" 18'.1. G. C. C, ob- 

server. 
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27. DM. 18°, 921 (?) disappeared at 10** 2" 26".9. G. C. C, ob- 

server. 

28. 127 Tauri, disappeared at 10^ 9"* 56M. G. C. C, obser- 

ver. 

1883, April 13. 

29. A star (6 mag.) disappeared at 9** 0" 3".3. G. C. C, ob- 

server. 

30. D M. 16°, 1506, disappeared at 9^ 18" 21'.0. G. C. C, ob- 

server. 

31. 68 Oeminorum = No. 377 Newcomb's standard stars, dis- 

appeared at 9^ 57"* 39M. G. C. C, observer. r;:^_^^] 

1883, May 11. 

32. D M. 14°, 1827, disappeared at 9^ ll"* 4r .9. Observation 

only moderately good. Star was lost at moon's limb. 
G. C. C, observer. 

33. D M. 14°, 1828, disappeared at 9** 15"* 24' .2. Good obser- 

vation. G. C. C, observer. 

34. D. M. 14°, 1829, disappeared at 9^ 26"* 32'.9. Good obser- 

vation. G. C. C. observer. 

1883, July 13. 

35. LI. 26702 disappeared at 9** 3"* 9\3. G. C. C, observer. 

36. LI. 26706 — 7 disappeared at 9** 19"* 32M. G. G.^C, ob- 

server. 

1883, September 12. 

37. A star (probably Lamont, 1100) 9 mag., disappeared at 

8»* 8"* 55-. 8. G. C. C, observer. 

1883, October 10. 

38. W, B, 20,^ 844, disappeared at 8** 42"* 44". 8- E. S. H.,';ob- 

server. 

1883, November 10. 

39. 21 Piscium disappeared at 6** 21"* 43". 5. J. T., observer. 

40. Wa B; 23^922? disappeared at 7^ 7"* 28'. 7. J. T., observer. 
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X. — THE STAR-GAUGES OF SIR WILLIAM HER- 
SCHEL, REDUCED TO 1860.0. FIRST SERIES, 

(NOS. 1-683.) - 

In this and the following sections I have collected a series 
of star-gauges and of counts from the celestial charts of Dr. 
Peters, Herr Palisa and others, for comparison with a 
series of star-gauges which have been begun at the Wash- 
burn Observatory, with the 15 inch equatorial. 

Our gauges are made with the full aperture, and with an 
eye-piece magnifying 195 diameters which has been fitted 
with a diaphragm coptaining a square hole 10' on each side. 

The gauges of Sir William Herschel were made with 
his twenty foot reflector and with an eye-piece magnifying 
157 times, whose circular field had a diameter of 15' 4''. 

Besides the 683 published gauges of Herschel, 405 unpub- 
lished gauges are given in Part XI. or 1088 in all. 

The gauges of Sir John Herschel with the same instru- 
ment are given in the Results of Astronomical Observations 
at the Cape of Good Hope. The celestial charts of Dr. 
Peters, and his revision and completion of Chacornac's 
Paris charts (unpublished) were made with the Spencer 
equatorial of Hamilton College Observatory, 13i inches in 
aperture. Prof. Watson's charts (ms) were made with the 
FiTZ equatorial of 12^ inches aperture, belonging to the 
Ann Arbor Observatory. Herr Palis a's charts (ms) were 
made with the 6 (French) inch equatorial at Pola, and the 
12 inch Alvan Clark equatorial of Vienna. 

Besides these series, I know of only one other published 
set of observed star-gauges. These are by M. Celoria, in 
the publications of the Milan Observatory, No. XIII. It 
would be of extreme interest to this branch of astronomy 
if the counts of stars in each square degree of the Durch- 
musterung, which were made at the observatory at Bonn^ 
(See Bonner Beobachtungen Bd. V. sec. 3) could be printed. 

8 
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The present volume contains then, 

683 gauges by W. Herschel (published). 
405 '' " " (unpublished). 

500 " " C. H. F. Peters (published). 
083 " " C. H. F. Peters, J. C. Watson and 

J. Chacornac (unpublished). 
781 " " J. Palisa (unpublished). 



3352 " all reduced to 1860.0 

I am now discussing these \arious gauges by a graphical 
process, and they promise to lead to very interesting results, 
espe/;ially when they are supplemented by other star-gauges 
covering the same ground and made by a larger instrument. 
If at the same time the total amount Of light in each field 
could be quickly measured by a tolerably accurate photo- 
metric process, the data thus derived would be most import- 
ant. One of the most obvious deductions from a series of 
star-gauges of a given region by telescopes of diflFerent 
apertures, is the determination of the number of stars of 
each (nominal) magnitude which exist in the region. For 
the diflference of the counts made by two telescopes which 
can just see stars of the mth and nth magnitudes respect- 
ively will give the number of stars of the (m — /i)th magni- 
tude, and so on. 

If these differences, m-n, n-o, o-p, etc., be platted separately, 
the eye can determine whether each group is affected by a 
clustering power peculiar to itself, or whether the same cause 
is apparent in the configurations of the various groups. The 
question of how many nominal magnitudes correspond to 
stars which really belong to the same system and are at the 
same distance, appears to be capable of solution by this pro- 
cess; and other cognate questions will have some light 
thrown upon them. 

This first series of the gauges of Sir William Herschel 
was published in the Philosophical Transactions for 1785, 
page 220. The positions were given for 1690.0. These posi- 
tions have been brought up to 1860 so as to be true to the 
nearest 1' and 1'. The computation has been made by Mr. 
CoMSTOCK and portions of it in duplicate by myself. 



THE WASHBURN OBSERVATORY. 



115 



REDUCTION OF STAR-GAUGES. 



No. 


R. A. 


1860. 


DecL 1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


1 


h. m. 
10 


s. 
24 


o 

+ 12 


10 


9.9 


10 




2 


13 


41 


+ 25 


21 


20.0 


10 


■ 


3 


16 


39 


+ 16 


44 


11.3 


10 


Most of the 
stars ex- 
tremely 
smialL 


4 


17 


17 


+ 41 


50 


60.0 


1 




5 


18 


28 


22 


20 


4.1 


10 




6 


21 


27 


—22 


20 


3.2 


10 




7 


25 


39 


+ 23 


12 


11.9 


10 




8 


30 


23 


—22 


21 


3.9 


10 




9 


3 


4 


+ 3 


46 


5.9 


10 




10 


37 


39 


+ 44 


2 


60.0 


1 




11 


40 


53 


+ 44 


2 


40,0 


1 




12 


42 


32 


+ 25 


24 


20.4 


10 




13 


43 


29 


+ 34 


18 


20.0 


1 




14 


44 


31 


+ 35 


18 


24.0 


1 




15 


45 


31 


+ 14 


24 


11.3 


10 




16 


48 


57 


+ 12 


13 


8.1 


10 




17 


49 


51 


+ 42 


13 


60.0 


i 




18 


53 


6 


+ 3 


46 


7.6 


10 




19 


55 


23 


+ 21 


5 


11.0 


10 




20 


55 


38 


+ 25 


24 


13.0 


10 


• 


21 


57 


56 


+ 32 


9 


40.0 


1 




22 


58 


5 


+ 32 


43 


17.0 


1 




23 


1 2 


24 


+ 23 


14 


9.8 


10 


A little hazy 


24 


3 


19 


+ 45 


18 


73.0 


1 




25 


1 3 


8 


+ 15 


39 


13.0 


1 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES -- Continued. 



No. 


R. A. 


1860. 


Decl. 


1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 

• 


26 


h. m. 
1 4 


s. 
10 


o 

+17 


89 


14.0 


1 




27 


5 


3 


+16 


55 


15.0 


1 




28 


6 


9 


—22 


22 


3.8 


10 




29 


' 8 


10 


+16 


80 


14.0 


1 




SO 


9 


16 


+16 


39 


11.1 


10 




31 
32 

33 
34 


10 
9 

12 

12 


11 
36 

26 
6 


+16 
—20 

+38 
, -22 


50 
5 

55 
28 


11.2 
5.2 

28.1 
2.8 


10 
10 

10 
10 


( Very clear 
-< for this 
( altitude. 
(Most of 
•j the stars 
(very small 


35 


12 


52 


— 3 


58 


7.5 


10 




86 


13 


46 


+25 


22 


11.0 


10 




37 


14 


52 


—12 


23 


9.2 


10 




38 


17 


20 


+ 45 


81 


58.0 


1 




39 


21 


28 


+ 82 


17 


20.0 


1 




40 


22 


14 


+30 


35 


13.0 


1 




41 


21 


40 


— 8 


56 


6.3 


10 




42 


25 


43 


+42 


14 


30.0 


1 




43 


28 


15 


+42 


14 


58.0 


1 




44 


33 


19 


+42 


13 


44.0 


1 




45 


86 


53 


+25 


11 


12.9 


10 




46 


40 


8 


+ 3 


45 


5.8 


10 




47 


40 


39 


3 


58 


7.3 


10 




48 


41 


36 


— 9 


16 


6.4 


10 




49 


42 


9 


— 1 


43 


7.1 


10 




50 


44 


30 


+30 


44 ' 


17.0 


1 




51 


58 





+25 


10 


14.4 


10 




62 


54 


45 


+21 


8 


7.1 


10 




58 


1 56 


28 


— 9 


22 


4.9 


10 
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REDUCTION OF STAR-GAUGES— Continued. 



No. 


R. A. 

1 


1860. 


Decl. 


1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


54 


h. m. 
2 3 


s. 
34 


o 

+ 14 


22 


12.1 


10 




55 


8 


40 


+28 


54 


15.0 


10 




56 


13 


17 


+ 3 


43 


6.4 


10 




57 


13 


43 


+12 


10 


9.3 


10 




58 


15 


44 


— 4 


8 


7.8 


10 




59 


16 


58 


+ 7 


45 


7.3 


10 




60 


18 


24 


— 9 


24 


4.3 


10 




61 


21 


10 


+25 


3 


14.8 


10 




62 


24 


20 


—2.0 


7 


4.2 


10 

1 




63 


28 


42 


+1* 


23 


9.9 


10 

1 




64 


33 


15 


+45 


15 


82.0 


1 

I 




65 


33 


7 


+ 30. 


30 


14.0 


1 




66 


31 


4 


—22 


22 


4.2 


10 




67 
68 


34 
35 


13 
17 


+ 32 
—24 


16 
36 


15.0 
3.0 


1 

10 


( Too low 
< for great 


69 


38 


31 


— 4 


11 


6.0 


10 


( accuracy. 


70 


40 


41 


+ 14 


23 


13.8 


10 




71 


44 


4 


+ 3 


42 


5.6 


10 




72 


46 


30 


— 4 


12 


6.6 


10 




73 

74 
75 


52 
56 
57 


9 

58 
57 


+ 28 
+ 16 
— 2 


53 
39 
13 


14.8 

11.1 

9,0 


10 
10 
10 


(Most of 
•j the stars 
( very small 


76 


57 


14 


—20 


13 


6.1 


10 


» 


77 


2 58 


29 


— 4 


14 


6.8 


10 




78 


3 4 


15 


+ 14 


19 


9.2 


10 . 




79 


9 


4 


+ 9 


30 


6.1 


10 

1 




80 


11 


9 


+ 12 


3 


4.1 


10 




81 


3 11 


5 


+ 9 


30 


5.1 


10 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R, A. 


1860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Herscuel's 
Remarks. 


82 


h. m. 
8 14 


8. 
10 



+ 12 


2 


8.5 


10 




88 

84 

85 
86 
87 


18 
21 
23 
25 
32 


83 
80 
80 
80 
2 


9 
+ 31 
+ 31 
+ 31 

+- 7 


24 
9 

8 

8 

35 


6.8 
7.0 • 
6.1 
9.4 
10.3 


10 
5 
10 
10 
10 


^ In part of 
the heav- 
ens which 
- looks pret- 
ty fiee of 
stars to the 
naked eye. 


88 


31 


55 


— 2 


13 


10.1 


10 




89 
90 


41 
45 


14 
22 


+ 43 

+ 28 


59 
32 


55.0 
15.0 


1 

1 


About 15 
stars gen- 
erally in 
^ the field. 


91 


43 


22 


9 


30 


7.4 


10 




92 


43 


25 


—22 


30 


4.9 


10 




93 


54 


35 


+ 44 


22 


54.0 


1 




94 


3 56 


25 


— 9 


28 


8.1 


10 




95 


4 4 


50 


+ 16 


27 


11.0 


10 




96 


9 


57 


— 2 


20 


13.8 


10 




97 


15 


26 


+ 7 


30 


13.4 


10 




98 


15 


40 


—24 


29 


4.2 


10 


f And many 


99 
100 


22 
23 


40 
51 


+ 21 
—22 


52 

20 


15.3 
6.2 


10 
10 


extremely 
small sus- 
pected. 


101 


33 


49 


—22 


23 


8.8 


10 




102 


37 


7 


+ 19 


41 


25.0 


1 




103 


38 


40 


+ 20 


21 


17.0 


1 




104 


39 


7 


+ 20 


58 


30.0 


1 




105 


• 38 


20 


9 


28 


9.7 


10 

• 




106 


41 


29 


+ 22 


48 


15.6 


10 




107 


42 


'33 


+ 21 


19 


36.0 


1 




108 


4 40 


35 


24 


84 


8.1 


10 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 


1860. 


Decl. : 


I860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


109 


h. m. 
4 51 


s. 
10 


o 

+ 3 


51 


19.9 


10 




110 


5 3 


• 11 


+ 17 


17 


56.0 






111 


6 


53 


+ 6 


53 


38.0 






112 


7 


48 


+ 5 


89 


35.0 






113 


11 


22 


+ 20 


51 


34.0 






114 


12 


53 


+ 6 


44 


17.7 






115 


20 


58 


+20 


50 


74.0 






lie 


19 


39 


- 6 


25 


24.0 






117 


25 


40 


- 6 


5 


8.9 


8 




118 


27 


19 


+ 9 


24 


30.0 




j Not exact- 
i ly gauged. 


119 


29 


38 


- 2 


43 


19.1 


10 




120 


34 


34 


+ 24 


4 


36.0 






121 


37 


12 


+21 


16 


58.0 






122 


35 


6 


-20 


32 


17.7' 


10 




123 


42 


42 


+ 13 


56 


65.0 






124 


43 


33 


+ 23 


40 


86.0 






126 


40 


14 


-24 


63 


13.5 


10 




126 


44 


47 


+19 


33 


50.0 






127 


47 


12 


+28 


5 


20 to 30 




( Not very 
\ exact . 


128 


46 


49 


+ 15 


39 


140.0 


'\ 




129 


48 


49 


+ 19 


57 


73.0 






130 


51 


32 


+23 


21 


60.0 






131 


50 


48 


-2fe 


40 


11.5 


10 




132 


54 


38 


+ 6 


33 


50.0 






133 


54 


42 


-22 


31 


19.3 


10 




134 


59 


13 


+28 


1 


30.0 




j Not very 
( exact. 


135 


5 57 


15 


- 2 


49 


22.4 


5 
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PUBLICATIONS OF 



REDUCTION GF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 

h. m. 8. 
5 58 22 


Decl. 1860. 


No. of Stars. 
50.0 


No. of 
Fields. 


Herschel's 
Remarks. 


136 


+ 9 57 






137 


6 43 


— 3 12 


44.0 






138 


1 38 


+ 6 32 


60.0 






139 


2 22 


+ 9 56 


110.0 






140 


3 34 


— 2 55 


57.0 






141 


6 42 


+19 34 


73.0 






143 


6 22 


+ 9 56 


60.0 






143 


4 54 


20 33 


19.6 


10 




144 


7 38 


+ 1 24 


90.0 


1 




145 


8 38 


-h 6 30 


80.0 






146 


9 18 


+ 3 21 


24.1 


10 




147 


10 22 


+ 9 54 


70.0 






148 
149 
150 


13 22 
15 21 

14 31 . 


+ 9 54 

+ 22 41 
6 18 


90.0 

120.0 

52.0 




i Very un- 
■< equally 
(scattered. 


151 


15 38 


+ 6 28 


80.0 






152 


15 51 


+ 9 53 


70.0 






153 
154 


15 13 

16 51 


— 1 47 
+21 34 


54.0 
56.0 




Like many 
such fields. 


155 


18 21 


4- 9 52 


74.0 






156 


16 37 


—23 38 


26.0 






157 
158 
159 


21 42 
20 21 
18 44 


+ 27 56 
+ 9 52 
—22 8 


30-40 
63.0 
33.0 




Between 
(30-40.) 
(The least 
-j number I 
( could find 


160 


20 18 


18 








161 


24 16 


+21 45 


178.0 


X 




162 


6 23 19 


— 19 


77.0 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


Decl. 


1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


163 
164 
165 


h. m. s. 

6 28 27 

26 31 

27 40 


o 

+ 27 

— 6 

— 4 


1 
55 

17 

4 


50.0 
38.0 
72.0 




i Very un- 
•< equally 
( scattered. 


166 


33 13 


—25 


6 


15.9 


10 




167 


35 39 


— 4 


43 


132.0 


i 




168 


37 34 


+ 19 


30 


50.0 






169 


38 42 


—25 


48 


40.0 






170 
171* 
172 


43 16 

44 20 
44 22 


— 2 

+ 10 

5 


34 

46 

5 


94.0 
50.0 
82.0 




( Generally 
- about fifty 
( stars. 
Twilight. 


173 
174 


46 56 

47 14 . 


+ 14 
9 


45 

17 ■ 


70.0 
50.0 




Generally 
about 70, 


175 


46 50 


—26 


53 


13.3 


10 




176 


52 49 


+ 10 


44 


67.0 






177 


52 29 


10 


41 


67.0 






178 


57 57 


+ 2 


27 


120.0 






179 
180 


59 

58 16 


+ 12 
— 2 


17 
45 


50.0 
120.0 




Many fields 
like this. 


181 


59 16 


8 


46 


78.0 






182 


6 58 52 


26 


34 


48.0 






183 
184 


7 1 49 
1 14 


+ 10 
3 


42 

12 


60.0 
98.0 




About 60 
stars. 


185 


1 26 


—21 


24 


45.0 






186 


5 11 


—10 


15 


34.0 






187* 


5 46 


— 9 


4 


83.0 






188 


5 49 


—23 


3 


81.0 






189 


7 9 49 


+ 10 


40 


70.0 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


DecL 1860. 


No. of Stars. 


No. of 
Fields. 


Herschkl's 
Remarks 


190 


h. m. B. 
7 12 34 


O 1 

— 2 19 


102.0 


1 




191 


12 35 


9 15 


70.0 


■1 


192 


12 27 


21" 27 


70.0 


. 1 




193 


15 22 


—22 32 


62.0 


1 




194 


20 11 


—10 23 


118.0 


1 


195 


23 49 


8 31 


112.0 


r 


196 


27 35 


— 2 11 


58.0 


^ 1 




197 
198 
199 
200 


29 23 
32 28 
35 23 
40 10 


+10 41 

21 42 

22 56 
25 51 


48.0 
168.0 
204.0 

86.0 

1 


* 1 

1 

1 


i One of the 

< richest 

( fields. 

A field like 

the rest. 


201 


7 48 22 


23 51 


108.0 






202 


8 1 47 


+ 2 54 


! 28.3 

i 


10 1 

1 


203 


8 30 


21 44 


, 80.0 


1 

1 


204 


10 21 


—24 


1 

60.0 


1 I 


205 


14 45 


10 35 


40.0 






206 


15 49 


9 33 


: 45.0 






207 


19 18 


9 56 


24.2 

1 


1 

10 i 

r 


208 


19 58 


—22 46 


52.0 






209 


29 33 


—22 3 


35.0 

1 




1 


210 


38 33 


—22 36 


1 

33.0 






211 


39 53 


—22 42 


30.0 






212 


42 33 


—22 53 


24.0 






213 


42 47 


—21 55 


20.0 






214 


47 38 


—21 48 


22.0 


1 




215 


52 32 


—24 


13.0 






216 


8 55 16 


— 2 4 


20.3 


10 


1 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


Decl. 


1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


217 


h. m. 
8 55 


s. 
37 


o 

-23 


1 


16.2 


10 




• 

218 


9 7 


16 


+23 





8.3 


10 




219 


14 


15 


- 2 


3 


13.8 


10 




220 


17 


34 


25 


59 


14.0 


10 




221 


27 


30 


23 


7 


15.8 


10 




222 


28 


58 


- 9 


56 


11.1 


10 




223 


29 


44 


+ 1 


9 


11.5 


10 




224 


42 


51 


23 


9 


13.0 


10 




225 


45 


44 


-26 


3 


10.1 


10 




226 


46 


48 


1 


9 


7.9 


10 




227 


51 


5 


+ 2 


57 


7.7 


10 




228 


9 53 


40 


-23 


8 


13.2 


10 


( Strong 
( twilight . 


229 


10 7 


53 


-26 


6 


9.1 


10 




230 


25 


2 


+ 1 


1 


7.2 


10 




231 


28 


11 


2 


6 


6.5 


10 




232 


33 


52 


+ 1 





4.9 


10 




233 


10 34 


54 


+ 7 


27 


5.6 


7 




234 


11 12 


53 


+ 7 


27 


5.3 


6 




235 


16 


17 


- 2 


9 


5.6 


10 




236 


18 


26 


26 


19 


6.5 


10 


Twilight . 


237 


25 


39 


+ 7 


26 


3.1 


8 




238 


11 29 


18 


- 2 


13 


4.9 


10 




239 


12 2 


29 


+ 7. 


24 


6.0 


5 




240 


13 


46 


+10 


6 


2.2 


13 




241 


39 


16 


+ 10 


1 


3.4 


11 




242 


55 


26 


+ 7 


24 


4.6 


13 




243 


12 56 


52 


+10 





3.9 


13 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. : 


I860. 


DecL 1860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


244 
245 
246 


h. m. 
13 2 

6 

9 


s. 
39 

1 

46 


o 

—12 
—10 
+10 


40 

51 

1 


9.8 

8.1 
3.8 


10 
10 
12 


Twilight. 
( Pretty 
< strong 
( daylicht. 


247 


26 


26 


—12 


39 


8.6 


10 


Twilight. 


248 


31 


46 


10 


54 


8.4 


10 


j Some 
( daylight. 


249 


36 


58 


—12 


38 


11.3 


10 




250 
251 


39 

48 


30 
1 


+13 
—15 


13 
19 


5.6 

8.5 


1 
10 


Generally 
5-6 


252 


13 57 


50 


—10 


51 


9.2 


10 


( Strong 
( twilight. 


253 


14 


32 


—12 


35 


10.0 


10 




254 


3 


17 


+30 


59 


7.4 


10 


Twilight. 


255 


7 


6 


15 


17 


12.3 


10 


( Most very 
( small. 


256 


18 


54 


—10 


49 


11.2 


10 




257 


23 


30 


—23 


51 


9.7 


10 


- 


258 


24 


7 


—12 


32 


8.8 


10 


All sizes. 


259 


33 


12 


+ 7 


21 


2.7 


6 




260 


38 


53 


—10 


50 


13.3 


10 




261 


37 


47 


+23 


12 


8.8 


10 




262 


38 


28 


+ 8 


37 


3.5 


13 




263 


40 


36 


+31 


9 


8.9 


10 


j Chiefly 
( small. 


264 


43 


37 


23 


48 


10.3 


10 




265 


49 


11 


—12 


28 


14.0 


10 


All sizes. 


266 


48 


9 


+24 


30 


6.4 


10 




267 


54 


5 


—25 


37 


' 10.3 


10 




268 


59 


42 


—23 


46 


12.8 


10 




269 


14 58 


20 


+31 


8 


9.2 


10 




270 


15 


13 


+28 


38 


4.4 


10 


j Struve's 
( aurora. 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 


1860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Herscuel's 
Remarks . 


271 
272 


h. m. 
15 

3 


s. 
41 

4 


o 

+23 

+ 24 


4 
32 


9.0 
6.6 


10 
10 


Chiefly large 
( Most very 
\ small. 


273 


9 


10 


-25 


34 


8.8 


10 




274 


10 





+26 


33 


8.3 


10 




275 


10 


37 


H-23 


6 


9.5 


10 




276 


12 


1 


+24 


34 


5.0 


10 




277 


18 


32 


—23 


39 


14.1 


10 




278 


17 


37 


- 3 


44 


9.4 


12 




279 


20 


57 


+26 


34 


8.9 


10 




280 
281 

282 


22 
26 

27 


40 
52 
59 


+ 31 
+28 
+13 


6 
44 
32 


10.0 
4.9 
9.5 


10 

10 

4 


Twilight. 
f Aurora 
J bright so 
1 as to aff'ct 
[gauge. 


283 


29 


52 


— 3 


41 


10.9 


12 




284 


34 


24 


+ 7 


32 


11.0 


5 




285 


38 


3 


—10 


26 


13.1 


10 




286 


86 


30 


+23 


12 


10.6 


10 


All sizes. 


287 


36 


35 


+31 


8 


8.9 


10 


Twilight. 


288 


39 


57 


+13 


35 


6.0 


6 




289 


43 


48 


—22 


6 


12.8 


10 




290 


42 


m 


+13 


36 


6.5 


6 




291 


48 


58 


+31 


14 


13.1 


10 


Twilight 


292 
293 
294 


52 
53 
55 


23 



23 


—27 
—24 
- 3 


28 
19 
36 


18.6 
32.5 

10.8 


10 

2 

12 


( StArs too 
•< small for 
( the gauge. 


295 


58 


42 


—23 


31 


17.1 


10 




296 


55 


51 


+26 


25 


12.4 


10 




297 


15 59 


51 


—22 


2 


18.1 


10 


Very low. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R A. 1860. 


Decl. 1860. 


No. of Stars. 


Np. of 
Fields. 


Herschel's 
Remarka 




h. ui. a 


1 








298 


16 33 


—35 25 


9.2 


10 




399 


7 26 


—37 35 


7.2 


10 




300 


6 43 


+ 31 18 


12.3 


10 


1 


301 


10 37 


—37 34 


6.1 


10 


1 


303 


10 38 


35 35 


1.6 


10 


9 


303 


13 28 


-35 34 


3.0 


10 




304 


11 53 


+ 13 50 


13.0 


6 




305 


14 37 


33 33 


0.5 


10 


Perfectly 
clenr. 


306 


11 47 


+ 26 29 


13.0 


10 


Most small. 


307 


14 10 


10 24 


14.6 


10 


Moon and 


308 


16 37 


23 31 


0.7 


10 


twilight. 

Perfectly ^ 
clear. 


309 


14 36 


+ 23 18 


13.3 


10 




310 


18 34 


—25 27 


3.8 


6 




311 


17 5 


— 3 35 


13.2 


12 




313 


18 41 


—27 14 


11.6 


10 




313 


19 38 


23 30 


1.1 


10 


Perfectly 
clear. 


314 


31 38 


23 30 


1.4 


10 


Perfectly 
clear 


315 


23 38 


23 29 


1.8 


10 




316 


30 39 


+ 31 11 


14.3 


10 


Most small. 


317 


31 41 


+ 26 28 


15.1 


10 


Most small. 


318 


33 46 


+ 8 55 


9.7 


13 


All sizes. 


319 


37 39 


—23 28 


4.7 


10 


' 


330 


39 4 


+ 7 39 


13.8 


6 




331 


30 43 


+ 15 54 


34.0 


1 




333 


33 39 


—23 27 


13.6 


10 




333 


33 5 


3 32 


13.6 


12 


( Rpquire 
•< attention 
( to be seen. 


334 


16 33 15 


+ 8 57 


14.6 


13 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


DecL 1860. 


No. of Stars. 


No. of 
Fields. 


Hekschel's 
Remarks. 




h. m. 


s. 


o 


1 








335 


16 34 


51 


+ 21 


15 


21.6 


10 


Twilight 


326 


39 


45 


27 


10 


50.4 


10 




327 


38 


45 


+ 8 


58 


34.0 


1 




328 


38 


22 


+ 23 


24 


18.4 


10 


Strong twi- 
light. 


329 


42 


41 


—23 


25 


20.3 


10 


Most small. 


330 


39 


24 


+ 31 


15 


15.6 


10 


Most small. 


331 


42 


37 


4 +26 


33 


16.5 


10 


Most small. 


332 


44 


43 


- 3 


35 


18.6 


12 


All sizes. 


333 


45 


21 


+ 23 


25 


20.1 


10 


Strong twi- 
light. 


334 


48 


37 


18 


17 


19.9 


10 


Ditto. 


335 


51 


6 


—23 


33 


41.1 


8 


1 


336 


16 52 


49 


+ 21 


19 


19.0 


4 


Hazy. 


337 


17 1 


38 


—18 


14 


29.8 


10 




338 


16 59 


30 


+ 23 


18 


16.6 


10 


Daylight 
pretty strong 


339 


17 2 


33 


+ 26 


37 


26.6 


10 


Sti ong twi- 
light. 


340 


8 





+ 31 


35 


18.8 


10 


Strong day- 
ight. 


341 


10 


28 


+ 23 


20 


35.0 


1 


Daylight 
too strong. 


342 


15 


52 


— 8 


15 


13.7 


10 


More sus- 
pected. 


343 


20 


5 


—27 


7 


7.6 


10 




344 


16 


47 


+ 21 

1 


25 


32.3 


10 




345 


18 


15 


; +23 


22 


38.0 


1 


Daylight 
pretty strong 


346 


20 


15 


+ 26 

i 


28 


32.8 


10 


Daylight 
pretty strong 
r Moon and 


347 


27 


47 


—21 


57 


15.3 


10 


1 daylight 
1 pretty 
[ btrong. 


348 


35 


3 


—18 


14 


• 23.0 


10 


349 


38 


5 


—26 


56 


25.0 


1 




850 


16 35 


45 


+ 21 


30 


42.2 


5 


1 
Twilight. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 


1860. 


Decl. 1 


L860. 


No. of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


351 


b. m. 
17 41 


s. 
5 


c 

-36 


55 


42.0 


1 




353 


44 


5 


26 


55 


53.0 


1 


• 

Daylight 
very strongs 


353 


43 


53 


- 8 


44 


18.5 


10 


TwiUght. 


354 


50 


37 


-30 


5 


84.0 


1 


Most large. 


355 


51 


8 


-34 


57 


77.0 


1 


Daylight 


356 


53 


6 


—26 


52 


82.0 


1 


Daylight. 


357 


53 


38 


—15 


7 


80.0 


1 


j Flving 
( clouds. 


358 


54 


38 


+28 


39 


25.6 


5 


Most large.. 


359 


56 


15 


+ 33 


42 


27.2 


10 


Twilight 


360 


18 


4 


—18 


7 


59.0 


1 


Like the rest 


361 


3 

• 


4 


-18 


7 


118.0 


1 


( Many such. 
( fields. 


362 


18 2 


14 


- 8 


45 


7.6 


10 




363 


17 59 


13 


+27 


46 


40.0 


1 


Most large. 


364 


17 59 


54 


+ 21 


39 


54.0 


1 


Daylight 


365 


18 5 


3 


-18 


6 


232. 


i 




366 


5 


3 


—16 


7 


112.0 


1 


Many such- 


367 


5 


56 


-22 


55 


113.0 


i 




368 


4 


3 


+ 29 


32 


38.0 


1 


Most large.- 


369 


8 


13 


13 


24 


35.0 


1 




370 


9 


39 


-28 


57 


64.0 


1 




371 


9 


55 


-32 


17 


17.0 


1 




373 


8 


57 


-18 


8 


330.0 


i 


• 


373 


- 

8 


59 


-14 


24 


68.0 


1 




374 


11 


18 


-32 


11 


37.0 


1 




375 


14 


46 


-30 


41 


19.0 


1 




376 


14 


34 


- 8 


46 


65. 


1 




077 


18 15 


31 


- 


34 


9.4 


10 


( Too soon 
(for gazing. 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 


1860. 

• 


Decl. 


1860. 


No. of Stars. 


No. of 
Fields. 


Herschsl's 
Remarks. 


378 


h. m. 
18 13 


s. 

47" 


o 

+27 


1 
48 


40.0 


1 


1 
Most large^ 


379 


13 


15 


+33 


46 


38.2 


5 




380 


17 


13 


—13 


23 


88.0 


3 


* 
1 


381 


21 


5 


—30 


55 


20.0 


1 


f 


382 


17 


29 


+ 28 


55 


78.0 


1 


j Chiefly large 


383 


21 


28 


14 


3 


170.0 


i 


1 
1 


384 


23 


16 


14 


13 


238.0 


i 


1 


385 


22 


46 


3 


8 


20.0 


7 




386 


20 


58 


+33 


44 


48.0 


1 




387 


24 


20 


— 2 


38 


3.4 


7 




388 


25 


44 


2 


37 


8.9 


7 




389 


27 


32 


— 2 


37 


13.8 


t 




390 


29 


9 


—12 


29 


. 9.5 


2 




391 


29 


42 


13 


13 


19.0 


1 




392 


30 


38 


— 2 


37 


25.8 


6 




393 


30 


39 


13 


50 


22.0 


1 




394 


30 


57 


— 


36 


8.6 


10 




395 


81 


7 


—13 


30 


24.0 


1 




396 
397 


28 
28 


46 
15 


+27 
+33 


59 
50 


48.0 
39.6 


• 
1 

5 


Large and 
small. 


398 


31 


57 


—14 





14.0 


1 




399 


82 


14 


—13 


39 


30.0 


1 

1 . 1 




400 


34 


31 


—25 


4 


' 35.0 


1 




401 


34 


6 


19 


29 


; 35.0 


1 




402 


33 


89 


—12 


25 


• 30.0 


1 




408 


34 


4 


- 2 


53 


88.0 


1 




404 


18 34 
9 


19 


—13 


83 


• 25.0 


1 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


Decl. 1860. 


No of Stars. 


No. of 
Fields. 


Herschel's 
Remarks. 


405 


h. m. 8. 
18 35 9 


t 

—12 28 


39.0 






406 


35 31 


— 7 56 


111.0 






407 


35 1 


13 50 


60.0 






408 


35 59 


— 7 36 


250.0 






409 


37 58 


30 51 


30.0 






410 


38 50 


30 37 


32.0 






411 
412 


37 40 
36 56 


12 44 
1 37 


13.0 
39. 




Extremely 
small. 
Most small. 


4i3 
414 


37 59 
39 42 


13 2 
—32 18 


20.0 
12.0 




Extremely 
small. 


415 


39 


—13 16 


20.0 1 

1 


Extremely 
small 


416 


38 59 


— 7 42 


150.0 




417 


40 48 


—31 31 


24.0 






418 


36 51 


+ 32 50 


62.0 






419 


40 2 


— 2 34 


13.7 






420 


41 9 


—18 45 


74.0 




Twilight. 


421 


40 48 


->13 11 


112.0 




All sizes. 


422 
423 
424 


40 30 
42 13 
42 49 


7 45 
+ 27 34 
—31 31 


188.0 
76.0 
19.8 


> 
10 


Many more 
suspected. 

Large and 
small. 


425 


43 1 


18 35 


88.0 


. 


Twilight. 


426 


42 44 


13 45 


146.0 


1 




427 


43 20 


— 8 25 


130.0 






428 


42 15 


+ 18 16 


78.0 






429 
430 


41 34 
46 38 


+ 29 28 
—20 3 


80.0 
83.0 




Large and 
small. 
Twilight 


431 


18 45 22 


— 1 28 


176.0 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. ] 


I860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Hekschel's 
Remarks. 


432 


h. m. 
18 44 


s. 
18 




+17 


1 
41 


224.0 


i 




433 


46 


29 


3 


19 


5.0 


1 




434 


47 


39 


—14 


4 


118.0 


i 




435 


48 


37 


- 3 


42 


116.0 


i 




436 


49 


20 


— 2 


37 


10.0 


1 




437 


48 


57 


+18 


22 


236.0 


i 




438 


50 


10 


1 


27 


156.0 


i 




439 


53 


47 


31 


28 


15.2 


10 


Very clear. 


440 


50 


47 


+18 


3 


368.0 


i 




441 


. 54 


19 


-29 


10 


21.0 


1 




442 


54 


48 


—22 


32 


53.0 


1 




443 


. 51 


10 


+29 


37 


84.0 


1 


All sizes. 


444 


56 


18 


— 1 


2 


328.0 


i 




445 


58 


7 


—20 





83.0 






446 


56 


55 


+29 


17 


136.0 


i 


Many small. 


447 


18 57 


25 


+32 


47 


84.0 


1 




448 
449 


19 1 


27 
16 


—18 
-25 


13 

17 


36.8 
26.2 


5 
5 


Strong twi- 
light. 


450 





24 


+32 


56 


93.0 


1 




451 


2 


54 


- 1 





328.0 


i 


' 


452 


4 


38 


-14 


9 


180.0 


i 




453 


5 





18 


27 


80.0 


1 




454 


2 


3 


+27 


43 


206.0 


^ 




455 


7 


54 


— 1 





328.0 


i 




456 


6 


59 


+ 7 


38 


40.0 


1 


Too soon. 


457 


8 


31 


+18 


35 


75.0 


1 




458 


19 7 


53 


+33 


28 


127.0 


1 


Moon. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R A. 1860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Herschbl's 
Remarks. 


459 


h. m. 
19 10 


8. 

12 


o 

4-15 


23 


204.0 


i 


Twilight. 


460 


12 


10 


13 





160.0 


i 




461 


13 


44 


31 


23 


14.1 


10 




462 


9 


49 


4-34 


20 


146.0 


i 


Moon. 


463 

464 


13 

13 


16 
55 


+ 29 
+ 33 


8 
21 


196.0 
130.0 




Many small 
besides. 
Moon. 


465 


14 


18 


+ 32 


18 


116.0 


i 




466 


17 


27 


1 


51 


120.0 


i 




467 


19 


32 


—18 


44 


60.0 


1 




468 


16 


1 


+ 33 


26 


130.0 


1 


Moon. 


'469 


20 


44 


+ 14 


57 


58.0 


1 




470 


20 


28 


+ 30 


19 


256.0 


i 




471 


20 


27 


+ 30 


49 


158.0 


i 




472 
473 


21 
20 


35 

48 


+ 18 
+ 28 


3 
57 


60.0 
279.0 


1 
i 


( Too or wd- 
•< ed for ac- 


474 
475 


24 
21 


28 
54 


-13 
+ 34 


18 
53 


64.0 
160.0 


1 
1 


( curacy. 
Changed 
focus. 
Moon. 


476 


23 


32 


+ 29 


36 


296.0 


i 




477 


24 


37 


+ 16 


56 


56.0 


1 




478 


27 


35 


17 


53 


50.0 


1 




479 


26 


20 


+ 12 


10 


196.0 


i 




480 


25 


13 


+ 28 


58 


279.0 


i 




481 


26 


16 


+ 83 


5 


180.0 


i 




482 


29 


47 


-17 


53 


55.0 


1 




488 


27 


34 


+ 28 


45 


384.0 


i 




484 


29 





+ 11 


33 


472.0 


i 




485 


19 37 


49 


+ 35 


3 


208.0 


\ 


MOOH. 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 



486 
487 
488 
489 
490 
491 
492 
498 
494 



500 
501 



R. A. 1860. 



h. m. s. 

19 29 18 • 

30 59 

34 24 

31 33 

35 7 

31 30 

32 17 
32 
35 10 



495 


35 


12 


496 


34 


29 


497 


37 


32 


498 


34 


31 


499 


35 


30 



85 16 

86 51 



502 


83 


20 


508 


86 


51 


504 


40 


24 


505 


42 


4 


506 


89 


9 


507 


89 


23 


508 


42 


37 


509 


40 


1 


510 


89 


57 


511 


45 


11 


512 


19 42 


82 



Decl. 1860. 



No. of Stars. 



+ 27 


51 


320.0 


+33 


32 


224.0 


14 


3 


86.0 


+ 29 


38 


296.0 


—23 


30 


18.3 


+ 33 


12 


190.0 


+ 26 


3 


280.0 


+ 30 


45 


340.0 


—13 


29 


55.0 


+ 17 


48 


424.0 


+ 29 


14 


240.0 


—13 


8 


45.0 


+ 33 


38 


288.0 


+ 30 


56 


344.0 


+ 83 


85 


186.0 


+ 25 


12 


84.0 


+ 15 


49 


588.0 


+ 85 


29 


312.0 


—2 


12 


62.2 


—19 


22 


23.8 


+ 27 


47 


296.0 


+ 84 


49 


212.0 


—12 


49 


50.0 


+ 29 


15 


240.0 


+ 31 


24 


282.0 


—25 


21 


14.1 


+ 27 


4 


256.0 



No. of 
Fields. 



i 

i 
1 

i 
10 

i 

i 

i 
1 

i 
i 
1 

i 
i 
i 
1 

i 

i 
5 

10 

i 
i 
1 

i 

i 
10 



Herschel's 
Remarks. 



Moon. 



Too small 
and too 
crowded 
to be cer- 
tain. 



( Moon 
■j very 
( bright. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES— Continued. 



No. 


R* A. . 


L860. 


Decl. 1860. 


No. of Stars. 


No. of 
FieldR. 


Herschel's 
Remarks. 


518 


h. m. 
19 42 


8. 

22 


o 

+ 35 


26 


384.0 


\ 




514 


46 


4 


-12 


8 


68.0 


1 




515 


48 


35 


+ 29 


48 


296.0 


i 




516 


47 


30 


+ 27 


24 


296.0 


i 




517 


47 


25 


+ 31 


12 


192.0 


i 




518 


48 


33 


+ 15 


51 


588.0 


i 




519 


50 


14 


+17 


11 


352.0 


i 




520 


50 


1 


+ 33 


2 


130.0 


i 




521 


51 





+ 25 


58 


124.0 


i 


Most large. 


522 


53 


U 


+-12 


27 


140.0 


i 


Faint moon 


523 


55. 


5 


-12 


38 


50.0 


1 




524 


54 


1 


+ 17 


12 


352.0 


i 




525 


57 


9 


-25 


18 


12.8 


10 


TwOighfc. 


526 


53 


57 


+ 29 


51 


312.0 


i 




527 
528 
529 


57 
53 
55 


11 
56 

38 


-19 
+32 
+33 


20 
48 
13 


20 9 
312.0 
268.0 


10 


(Very 

-< unequally 

( scattered. 


530 


5ft 


18 


+ 33 


35 


120.0 


i 


Moon. 


531 


58 


55 


- 2 


13 


39.2 


5 


Most smaU. 


532 


58 


34 


+ 27 


50 


51.0 


1 




533 


58 


53 


+33 


12 


220.0 


i 


Moon« 


534 


19 59= 


50 


+ 29 


51 


80.0 


1 




535 


20 


31 


+ 26 


47 


52.0 


i 


• 


536 





2 


+ 35 


28 


306.0 


i 




537 


4 


31 


-31 


12 


7.7 


10 




538 





23 


+ 35 


15 


160.0 


i 


Moon. 


539 


20 2 


12 


+ 12 


24 


120.0 


i 


Moon. 
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REDUCTION OF ST A.R-GAUGES — Continued 



No. 


R A. 


1860. 


DecL 


1860. 


No. of Stars. 


No. of 
Fields. 


Hbrsouel's 
Remark & 


540 


h. m. 
^ 1 


s. 
8 


o 

+ 30 


r 

30 


136.0 






541 


2 


7 


+ 27 


47 


48.0 






542 


8 


10 


+ 28 


44 


112.0 






548 


2 


57 


+ 33 


11 


192.0 






544 


4 


20 


+ 27 


54 


45.0 






545 


4 


21 


+ 31 


59 


104.0 






546 


6 


49 


+ 27 


51 


41.0 






547 


8 


24 


+ 11 


26 


56.0 




j Strong 
( jnoon. 


548 
549 


6 

7 


49 
16 


+ 35 
+ 29 


17 
56 


184.0 
80.0 




Moon. 
( Most ex- 
•< tremely 
( smalL 
IVilight. 


550 


11 


6 


—25 


15 


12.2 


10 


551 


9 


44 


+ 10 


55 


68.0 




Moon. 


552 


12 





+ 33 


56 


46.0 




Moon. 


553 


13 


9 


+ 11 


34 


280.0 






554 


16 


4 


— Irt 


57 


22.6 


10 




555 


13 


44 


+ 27 


58 


75.0 




VerysmalL 


556 


15 


1 


+ 34 


3 


47.4 




Moon. 


557 


16 


10 


+ 17 


34 


280.0 






558 


18 


18 


13 


7 


38.0 






559 


18 


55 


—19 


10 


24.2 




• 


560 


19 


16 


—12 


17 


31.0 






561 


: 19 


6 


+ 32 


17 


76.0 




• 


562 


25 


16 


+ 14 


20 


184.0 




( Some 
} Twilight 


563 


29 





—25 


12 


10.6 


10 


TwiUght 


564 


27 


59 


-h29 


6 


88-0 






565 


30 


16 


+19 


5 


104.0 




Hazy. 


566 


20 29 


37 


+34 


6 


66.0 




Moon. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES - Continued. 



No. 


R. A. 1860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Herschel'& 
Remarks. 


567 


h. m. 
20 32 


s. 
23 


o 

-12 


53 


20.0 


1 




568 


34 


59 


—25 


11 


9.3 


10 


TwiUght 


569 


35 


22 


-12 


52 


22.8 


10 




570 


33 


25 


+ 23 


7 


248.0 


i 




571 


34 


51 


_ 9 


10 


30.8 


5 




572 


36 


31 


19 


3 


16.7 


10 


Not clear. 


573 


37 


20 


31 


5 


7.7 


10 


Hazy. 


574 


36 


33 


5 


33 


39.0 


1 


Most small. 


575 


44 


56 


-25 


8 


9.5 


10 


Moon. 


576 


42 


59 


+ 29 


16 


142.0 


i 




577 


44 


12 


+ 32 


8 


108.0 


i 




578 


46 


36 


- 6 


30 


26.6 


10 




579 


46 


50 


— 2 


8 


28.2 


5 




580 


47 


9 


+ 24 





78.0 


i 




581 


47 


8 


+ 34 


16 


192.0 


i 




582 


48 


43 


+ 22 


43 


108.0 


i 




583 


49 


50 


+ 16 


4 


116.0 


i 




584 


50 


10 


+ 28 


23 


112.0 


i 




585 


50 


42 


+ 20 


8 


76.0 


1 




586 


50 


11 


+ 35 


50 


260.0 


i 


Same size. 


587 


52 


39 


+ 20 


31 


80.0 


1 




588 


54 


20 


+ 29 


52 


120.0 


i 


1 


589 


57 


50 


- 2 


6 


27.0 


5 




590 


20 56 


4 


+ 33 


27 


248.0 


i 


Same size. 


591 


21 


19 


—12 


48 


17.2 


3 




592 


20 58 


59 


+ 22 


9 


70.0 


1 




593 


21 2 


49 


—12 


47 


47.0 


5 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 


Decl. ] 


I860. 


No. of Stars. 


No. of 
FieldB. 


Heeschel*s 
Remarks. 


594 
595 
596 


h. m 8. 
21 3 34 

6 18 

5 9 


17 
—12 
4-29 


1 
7 

46 

15 


10.8 
14.9 
64.0 


10 
10 

1 


(Most ex- 
-! tremely 
( small. 
Twilight. 


597 


7 50 


— 2 


4 


21.4 


5 




598 


10 6 


— 6 


8 


40.0 


1 


Most small. 


599 


11 3 


4-24 


2 


80.0 


i 




600 


11 47 


+17 


32 


55.0 


1 




601 


13 56 


+21 


18 


40.0 


1 


Hazy. 


602 


16 18 


—12 


51 


11.1 


10 




603 


17 22 


19 


3 


12.8 


10 




604 


15 29 


+ 25 


44 


110.0 


i 




605 


16 44 


+ 29 


6 


75.0 


1 


Twilight 


606 


17 29 


+ 30 


3 


70.0 


1 


Twilight 


607 


19 18 


+ 17 


24 


50.0 


1 




608 


20 39 


5 


81 


25.0 


1 




609 


20 49 


— 2 


2 


16.4 


5 




610 


24 37 


—19 


13 


15.8 


10 




611 


23 57 


+ 81 


86 


76.0 


i 




612 


26 2 


+ 33 


28 


50.0 


1 




618 


29 16 


— 5 


59 


24.0 


1 




614 


80 26 


17 


5 


8.1 


10 




615 


80 21 


+ 14 


11 


30.0 


5 




616 


34 19 


— 2 





8.0 


5 




617 


37 27 


+ 7 


84 


21.6 


5 




618 


89 18 


+ 11 


48 


18.9 


10 




619 


39 25 


+ 83 


32 


25.0 


1 




620 


21 41 48 


1 


58 


15.4 


5 


Strong twi- 
light. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. : 


I860. 


Decl. 1860. 


No. of Stars. 


No. of 
Fields. 


Hebschel's 
Remarks. 


621 


h. m. 
21 43 


8. 

53 


o 

- 6 


81 


18.6 


10 




622 


44 


2J 


+ 24 


57 


42.0 


1 




623 


46 


8 


+ 25 


8 


60.0 


1 




624 


48 


50 


- 5 


30 


18.0 


1 




625 


49 


16 


+ 82 


5 


44.0 


1 




626 


52 


48 


19 


8 


11.5 


10 




627 


52 


83 


+ 81 


8 


52.0 


1 




628 


55 


52 


+ 81 


18 


29.0 


1 




629 


21 59 


22 


+ 81 


52 


61.0 


1 




680 


22 


51 


- 6 


29 


11.5 


10 




681 


3 


44 


-19 


6 


12.8 


10 




682 


5 


24 


+81 


12 


60.0 


i 




688 


6 


16 


+-15 


42 


88.0 


1 




684 


5 


53 


+ 31 


48 


40.0 


i 




685 


6 


16 


+32 


15 


32.6 


5 




686 


6 


21 


+ 82 


29 


34.0 


1 




687 


10 


4 


4-29 


40 


42.6 


5 




688 


12 


12 


-19 


5 


7.4 


10 




689 


12 


2 


+-19 


2 


25.1 


10 




.640 


16 


40 


-19 


5 


8.9 


10 




641 


18 


44 


+-15 


48 


26.0 


1 




, 642 


20 


26 


- 6 


28 


10.7 


10 


Twilight. 


648 


19 


31 


+25 


3 


26.6 


5 




644 


27 


25 


- 6 


22 


9.1 


10 


Twilight 


645 


29 


49 


-19 


6 


8.3 


10 




646 


29 


18 


+-11 


58 


11.7 


10 


Moon. 


647 


22 86 


30 


4 


12 


8.1 


• 10 





THE WASHBURN OBSERVATORY, 



139 



REDUCTION OF STAR-GAUGES— Continued. 



No. 


R A. : 


18TO. 


DecL 1860. 


No. of Stars. 


No. of 
Fields. 


Hebsohel's 
Remarks. 


648 


h. m. 
22 39 


s. 
46 


19 


5 


1 

5.0 


10 




649 


39 


46 


+ 16 


54 


17.3 


10 




660 


41 


29 


+ 14 


1 


16.5 


10 




651 


42 


39 


+ 28 


57 


20.1 


10 




652 


44 


44 


19 


5 


7.1 


10 




653 


45 


5 


+ 18 


56 


18.5 


10 




654 


48 


12 


-+ 8 


48 


19.0 


1 




655 


48 


13 


+25 


5 


21.3 


10 




656 


51 


56 


+ 30 


45 


26.7 


10 


Moon (faint). 


657 


53 


33 


+ 10 


7 


13.2 


10 




658 


53 


29 


+32 


16 


17.2 


10 


Moon. 


659 


22 57 


9 


+18 

9 


57 


13.4 


10 




660 


23 


38 


+12 


11 


8.2 


10 


Moon, 


661 


1 


28 


— 4 


10 


8.9 


10 




662 


4 


2 


+ 19 


1 


11.6 


10 




663 


5 


13 


+ 23 


2 


12.1 


10 




664 


6 


49 


+ 12 


13 


9.2 


10 


Moon. 


665 


9 


32 


—22 


17 


4.4 


10 




666 


8 


38 


+ 32 


17 


18.7 


10 


Moon. 


667 


11 


17 


+ 25 


5 


21.3 


10 




668 
669 
670 


14 
17 

18 


34 
38 
25 


—19 
— 4 
+26 


3 
6 



7.3 

7.5 

26.0 


10 
10 

1 


Moon. 
( Most ex- 
•j tremely 
( smalL 


671 


19 


58 


+ 29 


8 


21.1 


19 




672 


21 


8 • 


+19 


1 


11.9 


10 




673 


26 


26 


+ 9 


56 


9.7 


10 




674 


23 32 


28 • 


+21 


8 


12.1 


10 


• 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. 


A. 1860. 


DecL 1860. 


No. of Stars. 


No. of 
fields. 


Herscuel's 
Remarks. 


675 


h. 
23 


m. a 
34 26 


O ' 

—22 16 


3.1 


10 




676 




40 35 


4-21 5 


9.5 


10 




677 




41 58 


+ 11 11 


10.0 


1 




678 




51 39 


+21 6 


10.9 


10 




679 




53 18 


+45 33 


50.0 


1 




680 




55 38 


22 20 


4.2 


10'* 




681 


23 


55 33 


+ 25 21 


15.3 


10 




682 




8 3 


+ 3 47 


5.6 


10 




683 





8 38 


— 4 7 


7.8 


10 





THE WASHBURN OBSERVATORY. \^\ 



XL— THE STAR-GAUGES OF SIR WILLIAM HER- 
SCHEL, REDUCED TO 1860.0. SECOND SERIES. 

In the Philosophical Transactions for 1817, p. 325, Sir 
William Herschel says that beside the star-gauges printed 
in Philosophical Transactions, 1785, above 400 more have 
been taken in various parts of the heavens and are not pub- 
lished. 

On referring this to Lieut. Col. John Herschel, R. E., he 
kindly undertook the search for the unpublished gauges, and 
I owe to him and to Miss Rose Herschel a complete copy of 
a ms by Miss Caroline Herschel, in which these are 
given, and also a list in which they are arranged in order of 
R. A. 

The original Ms. by Miss Caroline Herschel is prefaced 
by the following words in her own handwriting. 

"The following gages begin with the 358 sweep. As 
far as 357 sweep, they are printed in the paper on the Con- 
struction of the Heavens, and their places have been given 
in Flamsteed's time and polar distance. But these gages 
are calculated for the time when the observations were 
made, though as far as the 438 sweep, the places are down 
in the journals in Flamsteed's time and P. D. But every 
gage is calculated twice, and after having been brought to 
the time of observation carried into this book." 

CoL. Herschel has been kind enough to extract from the 
Herschel Mss. at the Royal Astronomical Society's Rooms, 
the dates of the sweeps with which we are concerned, and 
they are given below. 
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PUBLICATIONS OF 



THE DATES OF THE SWEEPS. 



Sweep. 


Date. 


Sweep. 


Date. 


Sweep. 


Date. 


358 


Jan. 27, 1785 


388 


Mar. 13, 1785 


430 


Sept. 1, 1785 


359 


28, 


389 


16, 


431 


3, 


360 


29, 


390 


Apr. 3, 


438 


12, 


361 


30, 


391 


3, 


445 


28, 


-862 


31, 


392 


3, 


447 


Oct 1, 


363 


31, 


893 


6, 


451 


3, 


364 


Feb. 1, 


396 


11, 


459 


6, 


665 


4, 


397 


11, 


460 


6, 


366 


4, 


399 


13, 


461 


8, 


367 


6, 


400 


14, 


462 


8, 


368 


7, 


403 


27, 


465 


26, 


370 


8, 


405 


May 1, 


466 


26, 


371 


8, 


407 


3, 


467 


27, 


372 


8, 


408 


3, 


469 


Nov. 7, 


373 


17, 


409 


5, 


473 


22, 


374 


28, 


410 


11, 


474 


22, 


576 


Mar. 1, 


415 


July 17, 


477 


23, 


377 


4, 


416 


30, 


478 


27, 


378 


5, 


417 


31, 


479 


28, 


379 


5, 


418 


Aug. 1, 


481 


29, 


380 


5, 


419 


6, 


482 


29, 


381 


6, 


421 


7, 


485 


Dec. 7, 


382 


10, 


425 


12, 


486 


7, 


384 


11, 


426' 


27, 


496 


28, 


385 


12, 


427 


30, 


497 


28, 


386 


13, 


428 


31, 


498 


28, 


387 


13, 


429^ 


31, 


499 


30, 
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THE DATES OF THE SWEEPS - Continued. 



Sweep. 


1 
Date. 


Sweep. 


Date. 


Sweep. 
934 


Date. 


500 


Dec. BO, 1785 


660 


Dec. 31, 


Mar. 4, 1790 


503 


30, 


667 


26, 


959 


Sept 11, 


506^ 


Jan. 1, 1786 


668 


27, 


963 


Oct. 3, 


508 


2, 


681 


Jan. 11, 1787 


969 


Oct. 9, 


511 


27, 


711 


Mar. 15, 


1014 


May 38, 1791 


523 


Feb. 15, 


712 


15, 


1022 


Aug. 14, 1793 


526 


22, 


715 


17, 


1023 


19, 


529 


24, 


716 


18, 


1024 


33, 


558 


Apr. 30, 


720 


19, 


1037 


Sept 15, 


559 


30, 


722 


20, 


1043 


May 13, 1793 


561 


May 1, 


736 


May 15, 


1056 


Oct 5, 


563 


14, 


762 


Oct 10, 


1067 


Dec. 10, 1797 


569 


28, 


765 


14, 


1070 


13, 


584 


Sept 14, 


815 


Mar. 9, 1788 


1077 


Sept 9, 1798 


594 


20, 


816 


9, 


1080 


Oct 3, 


598 


21, 


830 


11, 


1083 


7, 


600 


23, 


858 


Sept. 9, 


1093 


Jan. 31, 1800 


616 


Oct. 18, 


860 


21, 


1095 


Mar. 15, 1801 


626 


26, 


863 


26, 


1111 


Sept 36, 1803 


641 


Nov. 28, 


866 


27, 







Mr. Tatlock has brought up the positions to 1860, without 
reduction from the apparent place to the beginning of the 
year of observation. That is by assuming the places given 
to belong to the beginning of the nearest year. The errors 
thus introduced are hardly greater than the errors of the 
original positions, and are less than the errors which will be 
introduced when these observations are discussed by any 
graphical process. 
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PUBLICATIONS OF 



The following tables contain the original data^ as given 
by Miss Caroline Herschel, should a more accurate reduc- 
tion be required. 



R. A 


• 


N. P. 


D. 


No. Stars. 


No. 
Gauges. 


Sweep. 

1 


Remarks. 


h. m. 
2 51 


s. 
43 


o 

95 


59 


7.4 


10 


353 




3 4 


43 


95 


59 


9.8 


10 


358 




3 50 


57 


96 


41 


8.0 


10 


359 


fMost of them 


2 54 

3 23 


17 
17 


61 
61 


27 
27 


16.1 
22 


10 
5 


360 
360 


excess, s. and 
\ same pr. L, but 

very few be- 
_ tween. 


3 30 


23 


62 


11 


33 


1 


360 




3 34 


18 


62 


33 


32 


1 


360 




4 


43 


62 


27 





1 


360 




4 2 
4 4 


13 
13 


61 
61 


29 
29 


12.4 
11.3 


10 
4 


360 
360 


Unequally scat- 
tered. 


4 5 


57 


62 


25 


1 


1 


360 




4 22 


13 


61 


29 


18.2 


5 


360 




4 25 


13 


61 


29 


16.8 


5 


360 




4 30 


12 


61 


29 


15.6 


5 


360 




4 37 


36 


61 


5 


39 


1 


360 




5 11 


32 


61 


15 


80 


i 


360 




5 15 


12 


60 


56 


72 


\ 


360 




5 41 


44 


61 


23 


120 


i 


360 




5 45 
5 49 


44 
14 


62 
61 


4 
54 


[112 
118 


i] 

i 


360 
360 


[See jouma IJ (in 
pencil). 


5 50 


14 


62 


17 


116 


i 


360 




5 52 


19 


61 


35 


108 


i 


360 




5 56 


19 


62 


42 


62 


1 


360 


Faint moon light 


6 47 


37 


62 


58 


36 


1 


361 


Tnnum. too s. 


6 49 


37 


63 


23 


92 


i 


361 


With s. 8. 


6 52 

7 7 


37 
37 


62 
62 


54 
52 


73 
66 


1 
i 


361 
361 


Many more sus- 
pected. 


3 37 


8 


101 


34 


7.1 


10 


362 
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ORIGINAL DATA OF SWEEPS — Continued. 



R. A. 


N. P.D. 


No. Stars. 


No. 
Gkiuges. 


Sweep. 


Remarks. 


h. m. s. 
3 50 6 


o 

101 


35 


8.8 


10 


362 




4 12 6 


101 


35 


7.8 


10 


362 




4 25 6 


101 


35 


7.7 


10 


362 




4 84 4 


101 


88 


8.4 


10 


382 




4 47 4 


101 


38 


10.7 


10 


362 




4 59 10 


101. 


87 


. 10.6 


10 


862 




5 7 11 


101 


86 


13.5 


10 


862 




5 83 53 


101 


37 


6.3 


10 


862 


j Unequally 
scattered. 


5 26 47 


100 


33 


4 


1 


362 


See journal 


5 37 41 


101 


9 


2 


1 


862 




5 38 11. 


102 


43 


20 


1 


362 




5 46 83 


101 


27 


12.2 


10 


862 




6 9 58 


87 


21 


21 


10 


862 




6 20 58 


101 


87 


41.8 


5 


862 




7 8 27 


101 


32 


37 




368 




7 22 27 


102 


10 


120 




863 


( Changeable 
focus. 


7 25 57 


101 


58 


96 




363 




7 27 27 


102 


14 


100 


V 


368 




7 83 27 


102 


33. 


46 


1 


363 




7 85 27 


101 


17 


52 




863 




7 36 57 


102 


2 


58 




368 




7 45 27 


102 


45 


47 




868 




7 47 57 


102 


40 


56 




363 




7 56 27 


102 


3 


54 




368 




8 12 27 


101 


33 


38 




368 




3 56 16 


103 


38 


8.2 


10 


364 




4 59 15 


103 


38 


12.8 


10 


364 




8 26 4 


105 


58 


7.9 


10 


865 




10 
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ORIGINAL DATA OF SWEEPS — Continued. 



R. A 


• 


N. P 


. D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Remarks. 


h. ra. 
3 53 


s. 
4 


o 

105 


48 


8.9 


10 


365 




4 25 


4 


105 


48 


7.8 


10 


365 




4 52 


17 


105 


51 


12.3 


10 


365 




5 18 


17 


105 


51 


15.8 


10 


365 




5 29 


6 


105 


50 


20.5 


10 


365 




5 46 


6 


105 


50 


25.8 


5 


365 




6 11 


15 


106 


54 • 


50 


1 


365 




6 12 


15 


106 


17 


54 


i 


365 




6 13 


45 


106 


3 


40 


1 


365 


• 


6 13 


15 


105 


42 


46 


1 


365 




6 23 


15 


105 


25 


75 


1 


365 




6 34 


15 


105 


11 


56 


1 


365 




7 14 


15 


105 


5 


90 


1 


366 




7 30 


15 


106 


10 


184 


i 


366 


Many such f . 


7 32 


15 


105 


6 


212 


i 


366 




7 45 


15 


104 


43 


120 


i 


366 


But a little hazy 


7 49 


15 


106 


89 


216 


i 


366 


Most s. 


8 43 


15 


105 





42 


1 


366 




9 44 


15 


105 


49 


16.0 


10 


366 




4 49 


49 


108 


9 


13.5 


10 


367 




5 13 


30 


108 


9 


16.2 


10 


367 




5 47 


33 


108 


9 


23.8 


5 


367 




6 2 


33 


108 


9 


31.2 


5 


367 




6 10 


58 


109 


26 


52 




367 




6 15 


58 


106 


52 


34 




367 




6 16 


58 


108 


45 


50 




367 




« 23 


30 


109 


28 


32 




367 




« 24 





109 


4 


30 




367 
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ORIGINAL DATA OF SWEEPS — Continued. 



R. A. 


N. P.D. 


No. Stars. 


No. 
Gauges . 


Sweeps. 


Remarks. 


h. m. s. 
6 24 30 


O 1 

108 42 


29 




367 




6 25 


103 18 


32 




367 




6 25 30 


107 54 


43 




367 




6 26 


107 31 


25 




367 




6 26 30 


107 8 


40 




367 




6 42 29 


109 27 


40 




367 




6 42 59 


109 3 


32 




367 




6 43 20 


108 40 


41 




367 




6 44 17 


108 17 


37 




367 




9 32 40 


107 58 


18.0 


10 


368 




10 6 40 


107 58 


17.0 


10 


368 




11 25 41 


107 59 


8.6 


10 


368 ' 




11 36 41 


107 59 


5.9 


10 


368 




12 36 41 


107 59 


9.6 


10 


368 




6 42 6 


103 7 


100 


i 


370 




6 44 6 


103 29 


116 


i 


370 




6 58 6 


104 18 


136 


i 


370 




9 13 59 


103 52 


19.0 


5 


371 




9 35 16 


103 51 


15.8 


4 


371 




10 42 38 


104 48 


8 


1 


371 




10 59 40 


103 53 


8.9 


10 


371 




11 58 12 


103 52 


10.3 


10 


372 




13 5 34 


103 57 


8.4 


10 


372 




13 26 9 


103 53 


6.9 


10 


372 




13 46 13 


103 53 


8.9 


10 


372 


• 


13 52 13 


103 53 


10.2 


10 


372 




14 3 13 


103 53 


11.6 


10 


372 




14 12 12 


103 51 


10.3 


10 


372 
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PUBLICATIONS OF 



ORIGINAL DATA OF SWEEPS — Continued. 



R A. 


N. P. 


D.J 


No. Stars. 


No. 
Gauges. 


Sweeps. 


remarks. 


h. m. s. 
14 80 12 




103 


51 


11.6 


10 


872 




14 46 15 


103 


53 


12.7 


10 


372 




15 18 58 


64 


51 


9.9 


10 


378 




5 50 88 


64 


29 


152 


i 


874 


Of all sizes. 


6 11 36 


64 


45 


104 


i 


374 




6 22 6 


65 


36 


140 


i 


374 




6 39 6 


66 


3 


9i 


i 


374 




6 42 22 


64 


21 


96 


i 


874 




7 20 15 


66 


7 


48 


i 


374 




7 20 45 


65 


39 


54 


i 


374 




5 55 86 


68 


30 


100 


i 


376 




6 31 59 


97 


26 


60 


1 


877 




6 88 59 


98 


85 


136 


i 


377 




6 39 29 


97 


46 


136 


i 


377 




6 44 59 


98 


14 


120 


i 


877 




7 59 


97 


81 


128 


i 


377 




7 1 59 


97 


5 


184 


i 


877 




7 7 59 


96 


19 


182 


i 


877 




7 16 29 


98 


5 


160 


i ' 


877 




6 88 13 


94 


86 


216 


i 


378 




9 83 27 


95 


5 


14.8 


10 


379 




10 21 28 


95 


9 


9.6 


10 


379 




11 3 58 


95 


9 


9.6 


10 


379 




11 50 42 


95 


7 


9.6 


10 


379 




12 28 42 


95 


7 


7.3 


10 


879 




13 31 29 


95 


88 


7.6 


10 


380 




14 45 14 


95 


86 


12.6 


10 


880 




6 84 14 


118 


36 


40 


1 


881 





'HE WASHBURN OBSERVATORY, 



M9 



ORIGINAL DATA OF SWEEPS — Continued. 



R. A. 


N. P. D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Remarks. 


h. ui. s. 
. 6 37 33 


o / 

114 27 


33 




381 




6 40 14 


114 5 


46 




381 




6 47 44 


113 40 


42 




381 




6 50 9 


113 47 


59 




381 




7 1 45 


114 12 


46 




381 




7 8 45 


115 28 


73 




381 




7 12 45 


115 30 


150 




381 


Of all sizes. 


7 23 13 


114 40 


78 




381 




7 31 43 


115 3 


184 




381 




7 39 13 


114 52 


212 




381 




7 42 43 


114 35 


232 




381 




7 57 41 


115 48 


200 




381 


* 


8 3 41 


114 15 


108 




381 


Most s. 


8 6 11 


115 21 


86 


\ 


381 




8 14 41 


115 16 


58 


1 


381 




10 56 7 


110 22 


9.9 


10 


382 




11 12 52 


110 22 


10.5 


10 


382 




12 19 16 


110 22 


7.9 


10 


382 




12 48 5 


110 23 


8.3 


11 


382 




13 45 5 


110 23 


10.3 


10 


382 




14 8 5 


110 23 


9,4 


10 


382 




6 50 36 

7 4 29 


64 59 
62'"l6 


44 
36 


1 

1 


384 
384 


Faint twilight 
etc. 


7 54 33 


63 5 


17.8 


10 


384 




8 23 35 


63 8 


14.7 


10 


384 




7 22 29 


61 55 


32 


1 


385 




7 22 59 


61 21 


30 


1 


385 


- 


7 23 39 


60 49 


22 


1 


385 





150 



PUBLICATIONS OF 



ORIGINAL DATA OF SWEEPS — Continued. 



R. A. 


N. P. D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Remark. 


h. m. s. 
7 39 39 


o / 

61 44 


39. 


1 


385 


• 


7 42 39 


60 48 


23,4 


5 


385 




8 53 11 


60 44 


13.8 


10 


385 




9 38 41 


60 43 


9.2 


10 


385 




7 45 20 


58 58 


25. 


1 


386 


F. moon light . 


9 36 44 


58 41 


8.7 


10 


386 




9 47 39 


58 38 


8.0 


10 


386 




10 11 29 


58 38 


6.6 


10 


386 




10 32 9 


58 38 


5.5 


10 


386 




13 20 54 


58 39 


7.7 


10 


387 




15 25 44 


56 43 


9.2 


10 


388 




15 38 44 


50 43 


12.5 


10 


388 




15 54 20 


56 38 


12.9 


10 


388 




14 7 49 


16 19 


11.6 


5 


389 




15 33 56 

* 


16 18 


10.1 


• 10 


389 




10 26 


16 18 


15.5 


10 


389 




10 11 19 


16 4 


11.2 


10 


390 




10 47 19 


16 4 


10.0 


10 


390 




11 23 19 


16 4 


11.2 


10 


390 




13 32 28 


16 6 


9.3 


10 


391 




15 46 4 


14 12 


13.9 


10 


392 




10 18 28 


62 59 


8.3 


10 


393 




11 16 16 


63 


6.6 


10 


393 




11 53 12 


62 58 


4.3 


10 


393 




12 5 12 


62 58 


5.3 


10 


393 




13 9 19 


62 59 


5.3 


10 


393 




13 47 19 


62 59 


5.4 


10 


393 




13 16 43 


60 47 


5.6 


10 


396 








THE WASHBURN OBSERVATORY. 
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ORIGINAL DATA OF SWEEPS — Continued. 



R A 


t 


N. P. 


D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Eemarks. 


h. m. 
13 17 


8. 

43 


o 

60 


1 
47 


6.6 


10 


396 




14 55 


39 


60 


46 


7.0 


10 


397 




13 29 


22 


67 


22 


5.4 


10 


399 




13 50 


23 


67 


25 


5.0 


10 


399 


Most of them s. 


14 5 


30 


67 


22 


5.8 


10 


399 




14 45 


20 


67 


13 


6.5 


10 


399 




15 26 


47 


91 


32 


7.1 


10 


400 


Chiefly s. 


15 55 


40 


91 


34 


11.9 


10 


400 


Chiefly s. 


16 


41 


91 


33 


16.2 


10 


400 


Of various sizes 


13 5 


16 


69 





6.4 


10 


403 




13 9 


16 


69 





4.6 


10 


403 




14 44 


28 


53 


11 


9.0 


10 


405 




14 58 


58 


53 


11 


7.2 


10 


405 




15 47 
12 48 
15 26 


6 
52 
24 


53 
55 
55 


12 
15 
12 


9.3 
6.4 
7.0 


10 
10 
10 


405 
407 
408 


( Most s. a.nd 
< many v. s. 
( suspected. 


16 15 


5 


87 


19 


17.9 


9 


409 




15 28 


41 


87 


24 


15.0 


10 


410 


Mr. AubArt 


15 35 


41 


87 


24 


14.2 


10 


410 


W. H. 


15 89 


41 


87 


24 


14.5 


10 


410 


Mr. Aubert 


16 82 


40 


87 


23 


11.8 


10 


410 


Mr. Aubert 


20 6 


24 


67 


29 


93 


1 


415 




18 54 


56 


87 


29 


90 


1 


416 




19 18 


21 


87 


4 


150 


1 


416 


• 


20 12 


5 


88 


4 


46 


1 


417 




20 13 


85 


87 


4 


41.4 


5 


417 




19 2 


23 


118 


21 


26.2 


5 


418 




19 55 


24 


118 


24 


10.5 


10 


418 
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PUBLICATIONS OF 



ORIGINAL DATA OF SWEEPS — Continued. 



R. A 


>• 


N. P. D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Remarks. 


h. m. 


s. 


o 


/ 










20 27 


21 


118 


21 


10.9 


10 


418 




20 42 


21 


118 


21 


6.9 


10 


418 




21 2 


21 


118 


20 


6.5 


10 


418 




21 12 


13 


79 


54 


28 




419 




19 59 


57 


84 


31 


92 




421 




20 16 


27 


85 


2 


45 




421 




20 20 


57 


85 


40 


67 




421 




20 21 


27 


85 


29 


50 




421 




20 22 


38 


85 


5 


48 




421 




20 28 


40 


85 


41 


52 




421 




20 24 


48 


84 


16 


40 




421 




20 25 


46 


83 


52 


43 




421 




22 20 


3 


90 


42 


9.2 


1* 


425 


* [Sic in MS.] 


22 28 


33 


90 


42 


9.2 


1* 


425 


* [Sic in Ma] 


19 15 


17 


86 


59 


220 




42- 


[sw. not entered. 
? 6, 7, 8, 9.] 


19 25 


32 


86 


27 


172 


i 


A^ 


[sw. notentei«d. 
?6,7,8,9.] 


19 38 


32 


87 


22 


144 


i 


42- 


[sw. noteiitered. 

? 6, 7, 8, 9.] 


21 1 


37 


86 


41 


18.2 


10 


42- 


[sw.iuot entered. 

? 6, 7, 8, 9.] 


22 12 


32 


86 


42 


10.7 


10 


42- 


[sw. not entered. 

? 6, 7, 8, 9.] 


23 17 


35 


86 


41 


5.0 


10 


42- 


(sw. not entered. 
? 6, 7, 8, 9.] 


20 19 


25 


120 


29 


7.2 


10 


430 


Very clear and 
witti great at- 


20 53 


25 


120 


29 


4.3 


10 


430 


tention. 


21 30 


25 


120 


29 


4.5 


10 


430 




22 34 


34 


120 


31 


2.9 


10 


430 




23 16 


23 


120 


30 


2.3 


10 


430 




23 37 


32 


120 


30 


2.4 


10 


430 




30 


28 


120 


30 


1.5 


10 


430 




20 42 


15 


94 


26 


18.4 


5 


431 
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ORIGINAL DATA OF SWEEPS — Continued. 



i 

R. A. 


N. P. 


D. 


No. Stars. 


No. 
Gauges. 


Sweep. 


Remark& 


h. m. 8. 
23 34 40 

23 22 7 


o 

96 
110 


1 
21 

18 


3.4 
5.6 


10 
10 


438 
445 


The 8. spec, af- 
fected by damp. 


23 49 7 


110 


18 


5.9 


10 


445 




22 81 14 


92 


20 


7.8 


10 


447 




22 45 15 


92 


20 


7.2 


• 10 


447 




2 19 


105 


5 


6.3 


10 


451 




13 19 


105 


5 


4.7 


10 


451 




2 5 '53 


105 


4 


4.5 


10 


451 




2 21 5 


108 


17 


4.8 


10 


459 




5 41 13 


119 





8.1 


10 


460 




22 54 20 


88 


35 


7.1 


10 


461 




11 17 


88 


41 


5.6 


10 


461 




2 19 21 


88 


38 


7.5 


10 


462 




21 52 52 


115 





5.8 


10 


465 




22 3 52 


115 





5.8 


10 


465 




22 35 52 


115 


2 


4.9 


10 


465 




22 56 52 


115 


2 


2.8 


10 


465 




23 9 52 


115 


2 


8.5 


10 


465 




28 49 52 


115 


2 


4.0 


10 


465 




8 52 


115 


2 


2.3 


10 


465 




1 15 52 


115 





3.6 


10 


465 




1 84 52 


115 





8.6 


10 


465 




3 17 52 


117 


6 


3.6 


10 


466 


• 


21 48 47 


117 





6.2 


10 


467 




22 39 43 


117 


2 


3.3 


10 


467 




23 32 43 


117 


3 


4.8 


10 


467 


■ 


1 6 43 


117 


2 


2.5 


10 


467 




28 84 3 


90 


37 


7.2 


10 


469 





154 



PUBLICATIONS OF 



ORIGINAL DATA OF SWEEPS — Continued. 



R A. 



h. m. s. 

4 13 

23 24 43 

1 46 6 

28 24 
23 2 29 
23 13 32 

2 31 16 

3 13 41 

22 56 21 

23 47 15 
i; 4 22 

1 9 50 

2 12 2 

4 31 27 

4 44 43 

5 32 21 

6 21 81 

5 48 44 

6 2 52 
6 12 22 
9 2 54 

11 17 55 

1 21 40 

4 41 30 

5 23 30 
9 22 29 

10 17 54 

6 51 47 



N. P. D. 



90 39 

92 30 

96 12 

80 8 
103 17 
103 17 
103 16 
103 16 
101 21 
101 21 
101 24 

71 31 

71 29 

71 29 

71 29 

66 6 

63 47 

81 42 
81 38 
81 47 
81 17 
81 11 

106 47 

116 40 

116 49 

117 47 
117 48 

90 59 



No. Stars. 



5.5 
6.3 
3.5 
7.1 

• 6.1 
5.3 
6.6 
6.0 
6.3 
6.0 
6.1 

11.2 
6.9 

14.3 

22.8 

66 

88 
120 
136 
200 

12.3 
6.3 
6.4 
5.5 

11.6 

14.8 
9.9 
180 



No. 
Guages. 


Sweep. 


10 


469 


10 


473 


2 


474 


10 


477 


10 


478 


10 


478 


10 


478 


10 


478 


10 


479 


10 


479 


10 


479 


10 


481 


10 


481 


10 


482 


5 


482 


1 


485 


i 


486 


i 


496 


i 


496 


i 


496 


10 


497 


10 


498 


10 


499 


10 


500 


10 


500 


10 


502 


10 


502 


i 


506 



Remarka 



Most 9. 



All sizes. 
i Many s. s. too 
< s. for the 
( gauge. 



-Ll. 
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ORIGINAL DATA OF 8 WJEEPS— Continued. 



1 


ELA 


• 


N. P. 


D. 


Na Stars. 


No. 
Gauges. 


Sweep. 


Remarks. 


b. 
6 


m. 
52 


8. 

37 




91 


44 


192 


i 


506 




11 


26 


5 


54 


22 


5.6 


10 


508 




4 


35 


37 


84 


32 


22.6 


5 


511 




16 


47 


18 


22 


58 


15.8 


10 


523 




17 


1 


2 


23 


55 


18.6 


5 


523 




7 


6 


42 


88 


48 


160 


i 


526 




7 


25 


40 


97 


54 


104 


i 


529 




7 


39 


30 


98 


8. 


92 


i 


529 




7 


50 


55 


97 


8 


45 


1 


529 




13 


10 


28 


85 


53 


6.8 


10 


558 


1 


13 


54 





85 


53 


8.3 


10 


558 




16 


40 


35 


119 


1 


27.6 


10 


559 




16 


41 


32 


83 


59 


19.1 


10 


561 




15 

17 


22 
27 
27 


36 
13 
33 


89 


32 


11.4 


10 


560 
569 
569 


i The stars very 
•j unequally 
( scattered. 


17 


109 


47 





1 


17 


27 


53 


110 


40 


34 


JL 


569 




19 
30 
21 


54 

40 
12 


45 
44 
46 


79 
54 
52 


53 
33 
32 


252 
320 
272 




584 
594 
598 


( Besides many 
•< too s. to be dis- 
( tinctly seen. 
Most very s. 


20 


55 


42 


52 


16 


220 


i 


600 




21 


55 


12 


66 


34 


46 


1 


616 




1 


2 


42 


63 


25 


14.8 


10 


626 




2 


17 


33 


63 


26 


13.2 


10 


626 




6 


5i 


35 


95 


2 


232 


i 


641 




12 


18 


51 


111 


53 


5.0 


10 


660 




7 


25 


19 


86 


11 


112 


i 


667 




7 


26 


49 


87 


83 


52 


i 


667 


• 
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PUBLICATIONS OF 



ORIGINAL DATA OF SWEEPS — Continued. 



R. A. 


N. P. 


D. 


No. Stars. 


No. 
Granges. 


Sweep. 


Remarks. 


h. m. 

7 28 

6 4 
6 41 
3 18 


s. 
19 

28 

2 

48 


o 

86 
89 
88 
75 


1 
22 

22 

81 

18 


48 
104 
116 
9.2 


i 

i 

i 
10 


667 
668 
668 
681 


( But one of the 
•(richest places, 
(etc. 

See mem. 8' af- 
ter the guage. 


3 82 


18 


75 


18 


7.5 


10 


681 




3 47 


18 


75 


18 


8.7 


10 


681 




8 57 


48 


75 


18 


6.1 


10 


681 




12 21 


18 


119 


83 


9.4 


10 


711 




16 7 


51 


121 


85 


18.6 


10 


712 




15 54 


87 


50 


50 


16.7 


10 


716 




9 48 





48 


84 


10.4 


10 


716 




10 82 


47 


48 
74 
56 


83 
18 
44 


7.0 
11.2 
10.0 


10 
10 
10 


716 
720 

722 


Time forgot 
J [to be ent] 
1 betw. 14h 3' 

and 15h 15'. 


14 12 


43 


18 45 


88 


39 


19 


8.4 


10 


736 




22 12 
21 48 
21 50 


9 
20 
50 


12 
88 
38 


1 
4 
9 


2.8 

280 
836 


10 


762 
765 
765 


Most extr. s. 
( See mem. on 
•< appearance of 
( the heavens. 


8 54 


40 


89 


49 


12.6 


10 


815 




12 86 


29 


89 


48 


8.0 


10 


815 




14 


44 


107 


52 


10.8 


10 


820 




2 17 


12 


44 


38 


60 




858 




2 18 


12 


44 


59 


72 




858 




2 19 


32 


44 


57 


68 




858 




21 28 
20 52 
20 58 


49 
55 

15 

• 


41 
89 
88 


4 
49 
54 


860 
15 
41 




860 
862 
862 


But most of 
them Y. s. n. 

These guages 
show, etc. 


20 54 


55 


40 


20 


17 




862 
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ORIGINAL DATA OF SWEEPS — Continued . 



R A. 



h. m. s. 

20 59 33 

21 2 32 
6 57 29 
6 58 54 
8 84 54 
8 36 22 
8 41 54 
8 43 24 
8 43 54 
8 44 39 
8 47 54 
8 55 54 

19 49 56 

19 52 56 

20 52 52 
20 30 58 

20 31 58 
17 26 58 

21 13 49 
19 34 5 
19 85 23 

19 53 20 

20 5 20 
20 16 20 
19 41 54 

19 45 54 
17 37 2 

20 16 48 



N. P. D. 



No. Stars. 



43 49 

43 41 
107 32 
107 27 
105 44 
107 10 
107 43 

107 24 

108 
107 13 
107 42 
107 42 

47 3 

48 4 
66 45 

44 55 
43 52 
55 35 
82 10:: 
72 11 
75 5 
74 11 

72 54 

73 5 
52 26 
52 29 

103 11 

98 16 



360 to 400 
280 
100 
128 

38 

43 

17 

26 

15 

16 

14.2 

11.6 
240 
264 
184 
178 
232 

41.2 

40 
360 
600:: 
440 
360 
260 
480 
612 

60 

80 



No. 
Gauges. 


Sweep. 


i 


866 




866 




934 




934 




934 




934 




934 




934 




934 




934 


10 


934 


10 


934 


i 


959 


i 


959 


i 


963 


i 


969 


i 


969 


5 


1014 


1 


1022 


i 


1023 


i 


1024 


i 


1024 


i 


1024 


i 


1024 


i 


1027 


i 


1027 


1 


1043 


i 


1056 



Remarks. 



All sizes. 

The stars have 
been gradually 
reduced to this 
number, and 
are still de- 
creasiog. 



( With many 
•j too small to l>e 
( counted. 



r 36, 593 stars 
J have been 
I seen in 6'. 
[ See mem. 



j See the rest of 
( memorandum. 

(The whole 
•< breadth equal- 
( ly rich. 
( But is one of 
•< the richest 
( fields now. 
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PUBLICATIONS OF 



ORIGIl^AL DATA OF SWEEP3 — Continued. 



R A. 1880. 


N. P. 


D. 


No. Stars. 


Na 
Gauges. 


Sweep. 


Remarks. 


h. m. 8. 
10 36 53 


23 


40 


18.2 


10 


1036 




15 36 


12 


16 


14.8 


10 


1067 




14 38 


13 


24 


17.2 


10 


1070 




19 46 15 


30 


23 


112 




1077 




20 40 41 


20 


34 


48 




1080 




21 20 41 
17 58 


21 
15 


47 
32 


32 
96 




1080 
1082 


Probably affect- 
ed hj haziness. 


5 83 — 


73 


18 


120 




1093 




7 41 — 


108 


28 


176 




1095 




8 58 11 


9 


6 


60—70 




1111 




9 50 11 


9 


8 


20—30 




nil 





The table immediately following contains the reduction of 
these observations to 1860. The numbers in the first col- 
umn continue those assigned by Sir William Herschel to 
his first series. 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0. 


N. P. D. 
1860.0. 


No. Stars. 


No. 
Fields. 


Herschfj.'s 
Remarks. 


684 


h. m. 
6 


8. 

6 


O 1 

104 40 


6.3 


10 




685 


8 





90 14 


5.5 


10 




686 


12 


3^ 


114 37 


2.3 


10 




687 


15 


4 


88 16 


U.6 


10 




688 


17 


5 


104 40 


4.7 


10 




689 


21 


28 


15 12 


96.0 


1 




690 


32 


13 


79 44 


7.1 


10 




691 


34 


8 


120 6 


1.5 


10 




692 


1 6 


39 


63 2 


14.8 


10 




693 


8 


2 


101 


6.1 


10 




694 


10 


16 


116 38 


2.5 


10 




695 


13 


48 


71 7 


11.2 


10 




696 


19 


24 


114 37 


3.6 


10 




697 


25 


17 


106 24 


6.4 


10 




698 


38 


21 


114 37 


3.6 


10 




699 


1 49 


49 


95 50 


3.5 


2 




700 


2 9 


26 


104 43 


4.5 


10 




701 


16 


8 


71 8 


6.9 


10 




702 


21 


45 


44 18 


60.0 


i 




703 


21 


43 


63' 6 


13.2 


10 




704 


22 


44 


44 39 


72.0 


i 




705 


23 


8 


88 18 


7.5 


10 




706 


24 


5 


44 37 


68.0 


i 




707 
708 
709 
710 


24 

84 

55 

2 58 


34 
49 
27 
45 


107 57 

102 56 

95 41 

61 9 


4.8 

6,6 

7.4 

16.1 


10 
10 
10 
10 


f Most of them 
excessively 
small and 
some pretty 
large, but 

< very few 

1 between. 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES— Continued. 



No. 


R. A. 1860.0. 


N. P. D. 
1860.0. 


No. Stars. 


No. 
Fieldn. 


Herscuel's 
Remarks. 


711 


h. m. 8. 
3 8 26 


o / 

95 42 


9.8 


10 




712 


17 11 


103 


6.0 


10 


Mostly small. 


713 


21 1 


116 50 


3.6 


10 




714 


23 52 


75 2 


9.2 


10 




715 


27 49 


61 11 


22 


5 




716 


29 31 


105 38 


7.9 


10 


« 


717 


34 55 


61 56 


33 


1 




718 


36 23 


75 3 


7.5 


10 




719 


38 45 


62 18 


32 


1 




720 


40 42 


101 19 


7.1 


10 




721 


51 23 


75 5 


8.7 


10 




722 


53 39 


101 21 


8.8 


10 




723 


54 37 


96 28 


8.0 


10 




724 


3 59 45 


103 25 


8.2 


10 




725 


4 1 53 


75 5 


6.1 


10 




726 


1 30 


105 35 


8.9 


10 




727 


5 19 


62 15 


0.0 


1 




728 
729 


6 50 

8 51 


61 17 
61 17 


12.4 
11.3 


10 
4 


Unequally scat- 
tered. 


780 


10 14 


62 13 


1.-- 


1 




731 


15 38 


101 24 


7.3 


10 




732 


26 53 


61 19 


18.2 


5 




733 


28 38 


101 25 


7.7 


10 




734 


29 54 


61 19 


16.8 


5 




735 


28 29 


105 38 


7.8 


10 




736 


34 53 


61 19 


5.6 


5 




737 


4 35 44 


71 19 


14.3 


10 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0. 


N. P. D. : 


1860.0. 


No. Stars. 


No. 
Fields. 


Herschel's 
Remarks. 




h. m. 


8. 


o 


/ 








738 


4 87 


35 


, 101 


29 


8.4 


10 




739 


39 


33 


84 


23 


22.6 


5 




740 


42 


18 


60 


56 


39. 


1 




741 


44 


31 


116 


38 


5.5 


10 




742 


49 


1 


71 


20 


22.8 


5 


All s'zes. 


743 


50 


34 


101 


80 


10.7 


10 




744 


53 


8 


108 


1 


18.5 


10 




745 


4 55 


40 


105 


44 


12.3 


10 




746 


5 2 


41 


101 


80 


10.6 


10 




747 


2 


42 


103 


81 


12.3 


10 


• 


748 


10 


42 


101 


30 


13.5 


10 




749 


16 


16 


61 


10 


80. 


i 




750 


16 


48 


108 


4 


16.2 


10 




751 


19 


57 


60 


51 


72. 


i 




752 


21 


89 


105 


46 


15 8 


10 




758 


26 


28 


116 


40 


11.6 


10 




754 
755 


82 
86 


29 
52 


105 
66 


47 
3 


20.5 
66. 


10 

1 


fMany 

small stars 
< too small 


756 


86 


28 


78 


16 


120. 


1 


for the 
[gauge. 


757 

758 


87 
40 


23 
19 


101 
100 


34 
30 


10.3 
4. 


10 

1 


Unequally 

scattered. 

See Journal. 


759 


41 


12 


101 


7 


2. 


1 




760 


41. 


39 


102 


41 


20. 


1 




761 


44 


5 


118 


58 


8.1 


10 




762 


46 


27 


61 


21 


120. 


i 




768 


50 


27 


62 


8 


112. 


i 


See Journal, 


764 


49 


28 


105 


49 


25.8 


5 


[in pencil. | 


765 


5 50 


23 


101 


36 


12.2 


10 


, 



11 



162 



PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0. 


N. P. D. 1860.0. 


No. Stars. 


Na 
Fields. 


HERSCIfFj/s 

Remarks. 


766 


'b. m. s. 
5 50 50 


O 1 

108 8 


23.8 


5 




767 


52 46 


81 41 


120 


i 




768 


53 58 


61 53 


118 


i 




769 


54 57 


62 16 


116 


i . 




770 


55 16 


64 28 


152 


i 


Of all sizes. 


771 


5 57 3 


61 84 


108 


i 




773 


6 16 

• 


63 29 


160 


i 




773 

774 


1 1 
5 50 


63 42 

108 9 


62 
31.2 


1 
5 


Faint moon- 
light. 


775 
776 

777 


6 51 

8 8 

13 23 


81 38 
89 22 

101 38 


136 

104 
21.1 


i 
10 


i But one of 
< the richest 
( places, etc. 


778 


15 28 


109 27 


52 


1 




779 


14 35 


106 55 


50 


1 




780 


16 14 


64 46 


104 


i 




781 


15 36 


106 18 


54 


i 




782 


16 24 


81 48 


200 


i 




783 


17 6 


106 4 


40 


1 




784 


19 18 


106 53 


34 


1 




785 


20 15 


106 47 


50 


1 




786 


21 38 


105 44 


46 


1 




787 


24 23 


101 39 


41.8 


5 




788 


26 7 


63 49 


88 


i 




789 


26 42 


65 38 


140 


i 




790 


26 48 


105 27 


75 


1 




791 


26 45 


109 30 


32 


1 




792 


27 16 


109 6 


30 


1 




793 


6 27 46 


108 44 


29 


1 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0 


N. P. D. 


1860.0 


No. Stars. 


No. 
Fields. 


Hebschel's 
Remarks. 




h. m. s. 


o 


t 








7»4 


6 28 17 


108 


20 


32. 


. 




795 


28 48 


107 


56 


43. 






796 


29 19 


107 


38 


25. 






797 


29 50 


107 


10 


40. 






798 


35 37 


97 


29 


60. 






799 


36 55 


94 


59 


216. 






800 


37 15 


113 


39 


40. 






801 


37 48 


105 


14 


56. 






802 


40 37 


114 


31 


33. 






803 


42 34 


98 


39 


136. 






804 


43 41 


66 


7 


94. 






805 


43 6 


97 


50 


136. 






806 


43 20 


114 


9 


46. 






807 


44 49 


88 


35 


.116. 




( See mem. 


808 


45 34 


103 


11 


100. 




•^8' after the 
( gauge. 


809 


47 


64 


25 


96. 






810 


45 45 


109 


31 


40. 






811 


46 16 


109 


7 


32. 






812 


48 37 


108 


45 


41. 






813 


47 35 


108 


22 


37. 






814 


47 33 


103 


34 


116. 


; 




815 


48 35 


98 


19 


120. 


1 




816 
817 


52 17 
50 51 


63 

' 113 


3 
45 


36. 
42. 




r Large and 
( innumera- 
ble, too 


818 


54 17 


63 


28 


92. 


■J 


[ small, etc. 


819 


58 17 


113 


52 


59. 




( With 
-< small 


820 


55 12 


65 


4 


44. 


^ 


( stars. 

j Faint twi- 


821 


6 55 33 


91 


5 . 


180. 


• 
1 


( light, eta 



/ 
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PUBLICATIONS OF 



REDUCTION OF STARGAUGES - Continued. 



No. 


R. A. 1860.0. 


N. P. D. 1860.0. 


No. Stars. 


No. 
Fields. 


Herschel's 
Remarks. 


822 
823 


b. m. s. 
6 57 17 

56 21 


o t 

62 59 
91 50 


73 

192 


1 

i 


( Man J 

■j more siir- 

( pected. 


824 


6 58 11 


95 8 


232 


i 




825 


7 35 


107 38 


100 


i 




826 


1 32 


104 24 


136 


i 




827 


52 1 


107 33 


128 


i 


Of all sizes. 


828 


4 35 


97 37 


128 


i 




829 


4 52 


114 19 


46 


1 




830 


5 37 


97 12 


184 


i 




831 


9 10 


62 23 


36 


1 




832 


10 31 


' 88 55 


160 


i 




833 


12 17 


• 62 59 


66 


i 




834 


11 18 


96 56 


132 


i 




835 


11 58 


101 39 


37 


1 




836 


11 50 


115 35 


73 


1 


• 


837 


15 


115 38 


150 


i 


Of ail size& 


838 


17 40 


105 13 

• 


90 


1 




839 


20 6 


98 13 


160 


i 




840 


24 47 


66 15 


48 


i 




841 


25 18 


65 48 


54 


i 




842 


25 57 


102 19 


120 


i 


( Change- 
( able focus. 


843 


27 9 


62 4 


32 


1 




844 


27 40 


61 30 


30 


1 




845 


26 21 


114 49 


78 


1 




846 


28 22 


60 58 


22 


1 




847 


■ 

29 28 


102 7 


96 


i 




848 


29 10 


86 20 


112 


i 




849 


7 30 37 


87 42 


52 


i 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0. 

• 


N.P.D. 


1860.0. 


No. Stars. 


No. 
Fields. 


Herschel's 
Remarks. 


850 


h. m. s . 
7 30 57 


o 

102 


23 


100 


i 




851 


32 9 


86 


31 


48 






853 


32 15 


98 


40 


104 






853 


33 38 


106 


20 


184 




j Many such 
( fields. 


854 


34 51 


115 


13 


184 






855 


35 41 


105 


16 


212 






856 


36 57 


102 


43 


46 






857 


38 59 


101 


27 


52 






858 


40 28 


102 


12 


58 






859 


42 21 


115 


13 


212 






860 


43 5 


98 


19 


92 






861 


44 19 


61 


55 


39 






862 


43 37 


108 


36 


176 


A, 




863 


47 19 


60 


59 


23,4 


5 




864 


45 52 


114 


46 


232 






865 
866 


48 42 
50 4 


104 
59 


54 
59 


120 
25 




j But a Utile 
{ hHzy. 
j Faint 
moonlight 


867 


48 57 


102 


56 


47 






868 


51 27 


102 


51 


56 






869 


52 88 


106 


50 


216 




Mostly small 


870 


54 32 


97 


14 


45 


j[ 1 




871 


59 8 


63 


17 


17.8 


10 




872 


7 59 58 


102 


15 


54 






873 


8 48 


116 





200 






874 


6 53 


114 


28 


. 108 




Mostly Email 


875 


9 21 


115 


34 


86 






876 


16 


101 


46 


38 






877 


8 17 52 


115 


80 


58 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES— Continued. 



No. 


R. A. 1860.0. 


N. P. D. 


1860.0. 


No. Stars. 


No. 
Fields. 


Herschel's 
Remarks. 


878 
879 
880 

881 


h. m. 

8 28 

38 
39 

45 


s. 
16 

9 

35 

7 


o 

63 
105 
107 
107 


22 

58 
25 
58 


14.7 
38 
43 
17 


10 

1 
1 

1 


The stars 
have been 
gradually 
reduced to 
1 this num- 
ber and are 
still de- 


882 


46 


45 


105 


16 


42 


1 


, creasing. 


883 


46 


37 


107 


39 


26 


1 




884 


47 


6 


108 


15 


15 


1 


*• 


885 


47 


52 


107 


28 ' 


16 


1 


» 


as6 


51 


7 


107 


58 


14.2 


10 




887 


57 


43 


61 


1 


13.8 


10 




8^8 


i 59 


45 


40 


6 


12.6 


10 




889 


8 59 


7 


107 


58 


11.6 


10 




890 


9 6 


45 


9 


18 


60-70 


1 




891 


6 


52 


81 


35 


12.3 


10 




893 


17 


33 


104 


11 


19.0 


5 




893 


25 


43 


118 


16 


14.8 


10 




894 


36 


11 


108 


18 


18.0 


10 




895 


37 


12 


95 


25 


14.3 


10 




896 


38 


52 


104 


11 


15.8 


4 




897 


41 


10 


59 


. 1 


8.7 


10 




898 


43 


3 


61 


3 


9.2 


10 




899 


47 


33 


48 


54 


10.4 


10 




900 


47 


50 


106 


10 


16.0 


10 


- 


901 


52 


3 


58 


59 


8.0 


10 




902 


9 57 


20 


9 


24 


20-30 


1 




903 


10 10 


15 


108 


20 


17.0 


10 




904 


17 


48 


16 


26 


11.2 


10 




905 


15 


57 


59 





6.6 


10 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860.0. 


N. P. D. 


1860.0 


No. Stars. 


No. 
FieWa 


Herschel's 
Remarka 


906 


b. m. 8. 
10 21 18 


o 

118 


10 


9.9 


10 




907 


22 40 


63 


21 


8.3 


10 




908 


25 12 


95 


32 


9.6 


10 




909 


36* 22 


59 


1 


5.5 


10 




910 


37 3 


48 


56 


7.0 


10 




911 


41 31 


24 


1 


18.2 


10 




912 


46 19 


105 


11 


8. 


1 




913 


52 58 


16 


27 


10.0 


10 




914 


10 59 47 


110 


46 


9.9 


10 




915 


11 3 24 


104 


17 


8.9 


10 




916 


7 46 


95 


34 


9.6 


10 




917 


16 85 


110 


47 


10.5 


10 




918 


20 15 


63 


25 


6.6 


10 




919 


21 45 


81 


86 


6.3 


10 




920 


28 5 


16 


29 


11.2 


10 




921 


29 27 


108 


24 


8.6 


10 




922 


30 3 


54 


47 


5.6 


10 




923 


40 28 


108 


24 


5.9 


10 




924 


54 32 


95 


32 


9.6 


10 




925 


11 57 4 


63 


23 


4.3 


10 




926 


12 2 2 


104 


17 


10.3 


10 




927 


9 2 


63 


23 


5.3 


io 




928 


22 39 


112 


18 


5.0 


10 




929 


23 10 


110- 


37 


7.9 


1() 




930 


25 7 


119 


58 


9.4 


10 




931 


27 33 


95 


32 


7.3 


10 




932 


39 53 


40 


12 


8.0 


10 




933 


40 36 


108 


23 


9.6 


10 
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PUBLICATIONS OF 



REDUCTION OF STAR-GAUGES — Ck)ntinued. 



No. 


R A. 1860.0. 


N. P. D. 


1860.0. 


No. Stars. 


No. 
Fields. 


Herscukl's 
Remarks. 




h. m. 


s. 


o 


1 


• 






934 


12 52 


3 


110 


47 


8.3 


10 


' Mostly 

small and 
' raanyvery 
smaU sus- 
^pected. 


935 
936 


12 52 

13 8 


28 
56 


55 
69 


39 
21 


6.4 
6.4 


10 

10 

• 


987 


9 


31 


104 


21 


8.4 


10 




938 


12 


55 


69 


24 


4.6 


10 




939 


13 


54 


63 


23 


5.3 


10 




940 


14 


13 


86 


17 


6.8 


10 




941 


20 


15 


61 


10 


5.6 


10 




942 


21 


15 


61 


10 


6.6 


10 




943 


2i 


23 

■ 


59 


3 


7.7 


10 




944 


30 


8 


104 


17 


6.9 


10 




945 


32 


56 


67 


45 


6.4 


10 




946 


35 


15 


96 


1 


7.6 


10 . 


947 


34 


2 


16 


29 


9.3 


10 




948 


49 


12 


110 


45 


10.3 


10 




949 


48 


30 


39 


41 


8.4 


10 




950 


50 


21 


104 


15 


8.9 


10 




951 


50 


46 


63 


21 


5.4 


10 




952 


53 


54 


67 


47 


5.0 


10 


Most of 


953 


56 


15 


104 


15 


10.2 


10 


them small. 


954 


13 57 


44 


86 


15 


8.3 


10 




955 


14 4 


41 


108 


14 


10.8 


10 




956 


7 


15 

• 


104 


15 


11.3 


10 




957 


8 


58 


67 


43 


5.8 


10 




958 


8 


38 


16 


40 


11.6 


5 




959 


12 


15 


110 


44 


9.4 


10 




960 


16 


15 


104 


12 


10.3 


10 




961 


15 


52 


57 


4 


10.0 


10 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R A. 1860.0. 


N. P. D. 1860.0. 


No. Stars. 


No. 
Fields. 


1 

Herschel's 
Remarks . 


962 


h. m. 
14 34 


s. . 
17 


o 

104 


It 


11.6 


10 




963 


37 


29 


13 


40 


17.2 


10 




964 


47 


32 


53 


30 


9.0 


10 




965 


49 


11 


95 


55 


12.6 


10 




966 


48 


• 

42 


67 


32 


6.5 


10 




967 


50 


22 


104 


12 


12.7 


10 




968 


14 58 


51 


61 


4 


7.0 


10 




969 


15 1 


56 


53 


29 


7.2 


10 




970 


22 


14 


65 


6 


9.9 


10 




971 


26 


22 


89 


47 


11.4 


10 




972 


.28 


43 


56 


59 


9.2 


10 




978 


29 


19 


55 


28 


7.0 


10 




974 


30 


39 


91 


48 


7.1 


10 


Chiefly 
siualL 


975 


32 


27 


87 


39 


15.0 


10 


Mr. Aubert. 


976 


33 


11 


16 


33 


10.1 


10 




977 


39 


27 


87 


39 


14.2 


10 


W. H. 


978 


34 


26 


13 


30 


14.8 


10 




979 


41 


43 


56 


58 


12.5 


10 




980 


43 


27 


87 


38 


14.5 


10 


Mr. Aubert 


981 


44 


24 


14 


26 


13.9 


10 




982 


51 


9 


53 


26 


9.3 


10 




983 


57 


14 


56 


52 


12.9 


10 




984 


57 


14 


51 


3 


16.7 


10 




985 


59 


32 


91 


.47 


11.9 


10 


Chiefly 
small. 


986 


59 


19 


16 


31 


15.5 


10 




987 


16 4 


34 


91 


46 


16.2 


10 


Of various 
sizes. 


988 


12 


28 


121 


47 


18.6 


10 


- 


989 


18 


51 


87 


30 


17.9 


9 
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REDUCTION OF STAR-GAUGES— Ck)ntinued. 



No. 


R. A. 1860.0 


N. P. D. 1860.0 


No. Stara 


No. 
Fields. 


Herscukl's 
Remarks. 




iL JU. 


SL 


o 


t 








tNN) 


«6 


26 


87 


33 


11.8 


10 


Mr. Aubert. 


991 


45 


14 


119 


9 


27.6 


10 




992 


45 


10 


84 


7 


19.1 


10 




993 


47 


24 


23 


6 


15.8 


10 




994 


17 8 





24 


1 


18.6 


5 




995 


29 


28 


55 


38 


41.2 


5 




996 


31 


55 


109 


50 


0. 






997 


32 


17 


110 


43 


34. 






998 


17 40 


38 


103 


13 


60. 




But is one 
of the rich- 


999 


18 58 


39 


87 


23 


90. 




est fields 
etc. 


1000 


19 7 


3 


118 


14 


26.2 




( Sw. not 


1001 


19 





86 


51 


220. 




•{entered? 6, 

( 7, 8, 9. 
















1002 


22 


4 


86 


56 


150. 




( S^. not 


1003 


29 


14 


86 


18 


172. 




\ entered? 6, 

( 7, 8, 9. 


1004 


37 


5 


72 


2 


360. 




fSee mem., 
36598 stars 


1005 


38 


27 


74 


56 


600. 




have been 
seen in 6. 


1006 


42 


15 


87 


12 


144. 




{ Svr. not 
•< entered^ 6, 


1007 


44 


17 


52 


16 


480. 




(7,8,9. 
The whole 


1008 


47 


18 


30 


14 


112. 




breadth 
equally 


1009 


48 


19 


52 


19 


612. 




' rich, see 
mem. 


1010 


52 


12 


46 


52 


240. 




with many 
too small 


1011 


55 


15 


47 


53 


264. 




to be 
counted. 


1012 


56 


24 


74 





440. 




^ 


1013 


58 


14 


79 


41 


252. 






1014 


19 59 


59 


118 


12 


10.5 


10 




1015 


20 3 


36 


84 


19 


92. 


h 




1016 


8 


22 


72 


42 


360. 


1 




1017 


9 


36 


67 


16 


93. 


1 1 , 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 


R. A. 1860. 0. ^ 


N. P, ©. 


• 


No. Stara 


No. 
Fields. 


Herschel'& 
Remarks. 




h. m. 


s. 


o 


/ 








1018 


15 


49 


87 


51 


46 


1 




1019 


17 


18 


86 


51 


41.4 


5 


( See rest of 


1030 


19 


24 


72 


53 


260 


i 


\ memoran- 
(da. 


1021 


20 


8 


84 


48 


45 


1 




1022 


20 


21 


98 


4 


80 


i 


f Very clear 


1023 


24 





120 


15 


7.2 


10 


J and with 
great at- 


1024 


24 


38 


85 


25 


67 


1 


tention. 


1025 


25 


8 


85 


14 


50 


1 




1026 


26 


19 


84 


50 


48 


1 




1027 


27 


20 


84 


26 


52 


1 




1028 


28 


27 


84 


1 


40 


1 




1029 


29 


24 


83 


39 


43 


1 




1030 


31 


35 


118 


7 


10.9 


10 




1031 


33 


17 


44 


41 


172 


i 




1032 


33 


15 


43 


38 


232 


i 




1033 


41 


50 


20 


21 


48 


1 


^Beside s 
many too 


1034 


43 


35 


54 


17 


320 


i 


H small to be 
di8*iDCtly 


1035 


46 


8 


94 


10 


18.4 


5 


seen. 


1036 


46 


49 


118 


5 


6.9 


10 




1037 


55 


56 


66 


29 


184 


i 


















C Note illeg- 


1038 


55 


11 


39 


33 


15 


1 


-j ibie in my 
(copy. 


1039 


55 


31 


38 


38 


41 


1 




1040 


57 


55 


120 


12 


4.3 


10 




1041 


57 


12 


40 


4 


17 


1 




1042 


20 58 


82 


51 


59 


220 


i 




1043 


21 2 





43 


32 


360-400 


i 


[Sw. not 


1044 


5 


20 


86 


23 


18.2 


10 


- entered. 

L?6,7, 8, 9. 


1045 


6 


46 


118 


2 


6.5 


10 
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REDUCTION OF STAR-GA.UGES — Continued. 



No. 


R. A. 1860.0. 


N. P. D. 1860.0. 


No. Stars. 


No. 
Fields. 


Herschel's 
Remarks. 




h. m. 


s. 


o 


t 








1046 


21 6 


3 


48 


24 


280. 


i 




1047 


15 


48 


79 


86 


28. 


1 




1048 
1049 
1050* 


16 
17 
21 


40 

7 
88 


52 
81 
21 


14 
58 

31. 


272. 
40. 
32. 


1 
1 


Mostly very 

small. 

r* Probably 
^ affectedby 

•^ haziness. 


1051 


81 


20 


40 


45 


360. 


i 


( But most 
< of them so 


1052 


84 


48 


120 


9 


4.5 


10 


( small, etc. 


1053 
1054 


51 
58 


55 
2 


37 

116 


44 
89 


280.. 
6.2 


10 


rSee mem. 
-J on appear- 
ance of 
(^heavens. 


1055 


53 


26 


87 


49 


836. 


i 




1056 


57 


4 


114 


89 


5.8 


10 




1057 


21 58 


84 


66 


13 


46. 


1 




1058 


22 8 


2 


114 


88 


5.8 


10 




1059 
1060 


14 
16 


16 
17 


11 

86 


40 
20 


20.3 
10.7 


10 
10 


f Mostly ex- 
1^ tra small. 
{ [Sw. not 
•< entered ?, 


1061 


23 


51 


90 


20 


9.2 


1 


(6,7,8,9.] 
[Sic in m. s.] 


1062 


32 


21 


90 


19 


9.2 


1 


[Sic in m. s.] 


1063 


35 


8 


91 


57 


7.8 


10 




1064 


38 


43 


120 


18 


2.9 


10 




1065 


39 


56 


114 


89 


4.9 


10 




1070 


43 


48 


116 


89 


8.8 


10 




1071 


49 


4 


91 


57 


7.2 


10 




1072 


22 58 


6 


88 


21 


7.1 


10 




1073 


23 


14 


100 


57 


6.8 


10 




1074 





52 


114 


88 


2.8 


10 




1075 


6 


22 


102 


53 


6.1 


10 




1076 


13 


50 


114 


38 


3.5 


10 




1077 


17 


24 


102 


53 


5.3 


10 
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REDUCTION OF STAR-GAUGES — Continued. 



No. 



1078 
1079 
1080 
1081 
1082 

• 

1083 
1084 
1085 
1086 
1087 
1088 



R. A. 1860.0. 



h. m. 8. 

23 20 26 

21 21 

26 

28 31 

36 36 

37 50 

38 29 
41 21 

51 4 

52 56 
23 53 41 



N. P. D. 1860.0. 



120 5 



86 


16 


109 


53 


92 


5 


116 


38 


90 


14 


95 


56 


120 


5 


95 


56 


109 


53 


114 


37 



No. Stars. 



2.3 
5.0 
5.6 



6.3 
4.8 
7.2 
3.4 
2.4 
6.0 
3.9 
4.0 



No. 
Fields. 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



Herschel's 
Remarks. 



(Sw. not 
\ entered, ? 
(2,6,7,8,9. 



The small 
speculum 
I affected 
[ by damp. 
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XII. COUNTS OF STARS FROM THE CELESTIAL 
CHARTS OF DR. C. H. F. PETERS, PROF. J. C. 
WATSON, THE PARIS CHARTS OF CHACOR- 
NAC (COMPLETED BY DR. PETERS) AND THE 
ECLIPTIC-CHARTS OF HERR J. PALISA. 

In May 1878 I had the pleasure of visiting Dr. C. H. F. 
Peters at his observatory and of inspecting his series of 
celestial charts, then unpublished. He was kind enough to 
allow me to make a count of the number of stars contained 
in each 4m of R. A. by 1° in Dec. on every one of his maps 
then completed. I counted the stars on very many of 
the Paris charts which Dr. Peters had also completed by 
inserting the missing stars. Such Paris charts as I counted 
were in every way comparable with those which Dr. Peters 
had himself made, and for the present purpose they may be 
considered a part of the same series. At the date of my 
counting, the maps were regarded as practically completed 
down to a certain magnitude. I myself made a careful com- 
parison of a map (No. I of the published charts) with the 
sky, and no stars were omitted except the very faintest — 
those which could only be seen with careful attention in a 
perfectly dark field with the eye protected from all extran- 
eous light. The minimum visibile of Dr. Peters' telescope 
(aperture 13.5 inches) is 14.8 or 14.9 mag. on Argelander's 
DM. scale extended. The stars omitted could not have been 
above 13.5 mag. 

The maps counted were selected for me by Dr. Peters, and 
were all equally complete up to this point. So that the num- 
bers which are given in the table first following, so far as 
they are derived from Dr. Peters' ms. maps, and from 
Chacornac's charts, completed by Dr. Peters, are to be con- 
sidered as homogeneous gauges or counts of all stars exist- 
ing in the squares counted, from the brightest stars down to 
a certain (unknown) magnitude. This unknown magnitude 
cannot be far from the 14th. Exactly what it is, can be de- 
termined in the following way. Some of the squares of 
Dr. Peters' charts, and of Chacornac's charts, as completed 
by Dr. Petbir8 fall on the areas within which the Harvard 
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college observatory intends to determine the magnitude of 
each star separately, in order to establish standards of stellar 
magnitude. Fortunately for this purpose I have a photo- 
lithographic proof of Petbks' (published) Chart No. I, which 
was made in 1878, and which therefore accurately represents 
the state of his ms. maps at this time, before they had been 
repeatedly revised. This has been carefully compared 
with the map as published. All of the stars added since 
1878 may be considered as being of the 13th magnitude, or 
fainter. In comparing these maps I have seen that the lines 
of R A. and Dec. have been redrawn by the photo-lithog- 
rapher, and that in a few cases stars have been covered up 
by the process. This should be noted by the owners of the 
charts. The Chacornac charts are now in exactly the same 
state as when I counted them, as are also some of the 
ms. (unpublished) charts of Dr. Peters. A comparison of 
these with the Harvard college results will show the limiting 
magnitude of the counts which immediately follow (Table I). 
I cannot too strongly insist on the fact that these numbers 
represent the numbers of stars which actually exist in the 
sky down to a certain magnitude (as yet not determined) as 
accurately, or even more accurately, than a series of gauges 
would do, if the gauges were made with a telescope smaller 
than Dr. Peters' Clinton refractor, say of twelve inches 
aperture. 

Since my counts were made. Dr. Peters has published, at 
his own expense, twenty of these celestial charts which are 
now in the hands of Astronomers, by his kindness. These 
twenty are no longer in the state in which they were when 
I counted (certain parts) of them. Every star visible in the 
Clinton refractor down to the very limit of visibility has 
been inserted by repeated revisions and re-revisions, so that 
we really have a new and most accurate series of gaup:es^ in 
which the smallest star included is about of the 14.8 mag- 
nitude. 

The exact limit of magnitude of the published charts can 
be determined in the same way as before. The force of the 
statement that we have here two series of gauges, one from 
Dr. Peters' ms. maps and one from his published maps can 
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only be appreciated after a careful study of the sky with 
his published maps and the identification of all the stars 
laid down by Dr. Peters in a certain region. It can only be 
appreciated fully, by going through my own experience : 
that is after having compared a whole map (5 degrees square) 
and identifying every star; by comparing this map with 
others in ms., and then with the published map, and finally 
by comparing the published map with the sky. I might 
properly add that an acquaintance with Dr. Peters' most 
methodical and elegant methods of work is also necessary. 
I therefore believe that the following tables furnish us with 
two series of star gauges of great accuracy. 

The series from the ms. maps. Table I, gives every star 
from the brightest down to a faint magnitude as yet unde- 
termined (say A). The series from the published maps. 
Table II. gives every star down to the faintest visible (say 
B). A comparison of the two will give all the stars of the 
magnitudes between A and B. I believe the counts in these 
two tables are of equal importance with a series of inde- 
pendent gauges, made especially for the purpose of deter- 
mining the number of stars in each field, and in some 
respects they are even superior to such gauges. 

Table I contains all these counts from Dr. Peters' ms. 
maps, and from Chacornac's charts (completed.) The 
table gives first, the current number, second, the R. A., and 
third, the Declination of the middle of the space counted 
(4 m. in R. A. by 60' in Dec.) for 1860, fourth, the number of 
stars actually mapped, fifth, this number multiplied by sec. 
S and sixth the designation of the authority, where p. ms. 
stands for Dr. Peters' Ms. and c stands for Chacornac's 
published charts completed by Dr. Peters. 

The counts credited to Professor Watson's maps. Table I. 
were made by me from his ms. maps which are the property 
of the National Academy of Sciences and are now loaned to 
the Washburn Observatory. These maps are not in a state 
for publication, and only a few portions of them are mani- 
festly complete. Such portions I have counted. In all cases 
the counts serve for 1860.0. Where the epoch of the maps 
was different ^allowance has been made for precession. 
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Nebulae were omitted from the counts. Close double stars 
were counted as one star. Wide doubles (30'' and upwards) 
were counted as two stars. 

The counts for Table II. were made by Mr. George W. 
Brown, student in the University, under my direction. 
They can be verified by consulting Dr. Peters' published 
charts. It must be remembered, however, that these charts 
were printed by photo-lithography, and that there may be a 
slight difference between each two sets of maps, in the very 
faintest stars (only). It must also be remembered that 
the very slight differences named are no more, or even less^ 
than the discrepancies which arise in different counts of the 
same field in actual gauging. 

In a very few cases the numbers of stars counted by me 
are slightly more than those in the published charts, but in 
no case is the error material. 

Dr. J. Palisa has been so kind as to prepare for me a 
series of gauges from his own ms, maps, which are given in 
Table III., following this. They include all stars from the 
brightest down to certain (undetermined) faintest, which 
could be seen in his two telescopes, viz.: Telescope I, the 
6-inch refractor of the observatory of Pola, and Telescope 
II, the 12-inch refractor of the observatory of Vienna. The 
table give^y first, a current number for reference; second, the 
E. A. and Dec. for 1860 of the center of the space counted; 
third, the telescope with which the map was made;/ot*ri/i, the 
number of stars laid down in the map within an area of 
2 m in E. A. by 30' in Dec. The fifth column contains the 
quantity 4 sec. (^ (No. of stars), and expresses the number of 
stars which would have been mapped in one square degree , 
provided the distribution of stars over this degree is the 
same as it is over the 2 m in E. A. by 30' in Decination, which 
was actually counted. 

12 
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TABLE I.— COUNTS OF STARS FROM THE MS. CHARTS OF DR. 
C. H. F. PETERS, PROFESSOR J. C. WATSON, AND FROM 
CHACORNAC'S CHARTS COMPLETED BY DR. PETERS. 



No. 


RA. 


1860. 


Dec. 1860. 


No. Stars. 


No. Sta.rs 
Sec. d 

• 


Authority. 


1 


C 


m 
o 


O 1 

+ 7 30 


53 


54 


Watson. 


2 





2 


-f 6 30 


47 


47 


Watson. 

• 


8 


c 


2 


-f 30 


44 


44 


C. 


4 


c 


2 


— 30 


53 


53 


C. 


5 


e 


2 


— 1 30 


41 


41 


c. 


6 


c 


2 


— 2 30 


37 


37 


c. 


7 





• 2 


3 30 


64 


64 


c. 


8 





6 


4- 7 30 


45 


45 


Watson. 


9 





6 


4- 6 30 


49 


49 


Watson. 


10 





6 


+ 5 80 


42 


42 


C. 


11 





6 


+ 4 30 


51 


51 


C. 


12 





6 


+ 3 30 


47 


47 


C. 


13 





6 


4- 2 30 


52 


52 


C. 


14 





6 


+ 1 30 


56 


56 


C. 


15 





6 


+ 30 


49 


49 


C. 


16 





6 


30 


48 


48 


C. 


17 





6 

1 


1 30 


54 


54 


C. 


18 





1 
6 


— 2 30 


58 


58 


C. 


19 


c 


6 


3 30 


42 


42 


C. 


20 





10 


+ 7 30 


43 


43 


Watson. 


21 


c 


10 


4- 6 30 


40 


40 


Watson. 


22 





10 


+ 5 30 


58 


58 ' 


C. 


23 





10 


+ 4 30 


42 


42 


' C. 


24 





10 


4- 3 30 


47 


47 


C. 
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Table I— COUNTS OF STlRS — Continued . 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars. 
Sec. ^ 


Authority. 


25 


h. m. 
10 


o / 

+ 2 30 


46 


46 


C. 


26 


10 


+ 1 30 


51 


51 


C. 


27 


10 


+ 30 


57 


57 


C, 


28 


10 


— 30 


53 


53 


C, 


29 


10 


— 1 80 


52 


52 


C, 


30 


10 


— 2 30 


70 


70 


c. 


31 


10 


— 3 30 


40 


40 


c. 


32 


14 


+ 5 30 


69 


69 


c. 


33 


14 


+ 4 30 


56 


56 


c. 


34 


14 


+ 3 30 


87 


87 


c. 


35 


14 


+ 2 30 


48 


48 . 


c. 


36 


14 


+ 1 30 


53 


53 


c. 


37 


14 


+ 30 


61 


61 


c. 


38 


14 


— 30 


56 


56 


c. 


39 


14 


— 1 30 


37 


37 


c. 


40 


14 


— 2 30 " 


50 


50 


c. 


41 


14 


— 3 30 


54 


54 


c. 


42 


18 


+ 5 30 


57 


57 


c. 


43 


18 


+ 4 30 


80 


80 


c. 


44 


18 


+ 3 30 


77 


77 


c. 


45 


18 


+ 2 30 


68 


68 


c. 


46 


18 


+ 1 30 


50 


50 


C- 


47 


18 


+ 30 


52 


52 


c. 


48 


18 


30 


49 


49 


c. 


49 


18 


— 1 30 


34 


34 


c. 


50 


18 


2 30 


64 


64 


c. 


51 


18 


8 30 


63 


63 


c. 


52 


42 


+ 9 30 


77 


78 


c. 
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PUBLICATIONS OF 



Table I — COUNTS OF STARS -- Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 5 


Authority. 


53 


h. lu. 
42 


O 1 

+8 30 


85 


86 


C. 


54 


42 


+7 30 


64 ' 


64 


C. 


55 


42 


+6 30 


69 


69 


C. 


56 


42 


+4 30 


42 


42 


C. 


57 


42 


+3 30 


50 


50 


C. 


58 


42 


+2 30 


44 


44 


C. 


59 


42 


+ 1 30 


40 


40 


C. 


60 


46 


+9 30 


67 


68 


C. 


61 


46 


+8 30 


58 


59 


C. 


62 


46 


-h7 30 


71 


72 


C. 


63 


46 


+ 6 30 


74 


74 


C. 


64 


46 


+4 30 


59 


59 


C. 


65 


46 


+3 30 


49 


49 


C. 


66 


46 


+2 30 


46 


46 


C. 


67 


46 


+1 30 


55 


55 


C. 


68 


50 


+ 9 30 • 


79 


80 


c. 


69 


50 


+ 8 30 


63 


64 


c. 


70 


50 


+ 7 30 


66 


67 


c. 


71 

« 


50 


+ 6 30 


64 


64 


c. 


72 


50 


+ 4 30 


70 


70 


c. 


73 


50 


+ 3 30 


61 


61 


c. 


74 


50 


+2 30 


51 


51 


c. 


75 


50 


+ 1 30 


56 


56 


c. 


76 


54 


+9 30 


77 


78 


c. 


77 


54 


+8 30 


78 


79 


c. 


78 


54 


+ 7 30 


63 


64 


c. 


79 


54 


+ 6 30 


72 


72 


c. 


80 


54 


+ 4 30 


66 


66 


c. 
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Table I.— COUNTS OF STARS — Continued. 



No. 


R. A. 1860.0 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 5 


Authority. 


81 


h. m. 
54 


o / 

+ 3 30 


60 


60* 


C. 


82 


54 


+ 2 30 


50 


50 


C. 


83 


54 


+ 1 30 


69 


69 


C. 


84 


58 


+ 9 30 


70 


71 


C. 


85 


'58 


+ 8 30 


62 


63 


C. 


86 


58 


+ 7 30 


62 


63 


C. 

• 


87 


58 


+ 6 30 


63 


63 


c. 


88 


58 


+ 4 30 


56 


56 


c. 


89 


58 


+ 3 30 


52 


52 


c. 


90 


58 


+ 2 30 


55 


55 


c. 


91 


58 


+ 1 30 


54 


54 


c. 


92 


1 2 


+ 14 30 


80 


82 


P.Ms. 


93 


1 2 


+ 13 30 


76 


78 


P.Ms. 


94 


1 2 


+ 12 30 


71 


73 


P.Ms. 


95 


1 2 • 


+-11 30 


73 


74 


P. Mr. 


96 


1 2 


+10 30 


67 


68 


P.Ms. 


97 


1 2 


-f 4 30 


74 


74 


P. Ms. 


98 


1 2 


+ 3 30 


56 


56 


P.Ms. 


99 


1 2 


-f 2 30 


68 


68 


P.Ms. 


100 


1 2 


+ 1 30 


64 


64 


P.Ms. 


101 


1 2 


+ 30 


74 


74 


P.Ms. 


102 


1 6 


+14 30 


84 


86 


P.Ms. 


103 


1 6 


+ 13 30 


87 


89 


P.Ms. 


104 


1 6 


+12 30 


72 


73 


P.Ms. 


105 


1 6 


+ 11 30 


63 


64 


P.Ms. 


106 


1 6 


+ 10 30 


69 


70 


P.Ms. 


107 


1 6 


+ 4 30 


90 


90 


P.Ms. 


108 


1 6 


+ 3 30 


76 


76 


P.Ms. 
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PUBLICATIONS OF 



Table I -COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. (J 


Authority. 


109 


h. m. 
1 6 


o / 

+ 2 30 


70 


70 


P. Ms. 


110 


1 6 


+ 1 80 


66 


66 


P. Ms. 


111 


1 6 


+ 30 


68 


68 


P. Ms. 


112 


1 10 


+ 14 30 


79 


81 . 


P. Ms. 


113 


1 10 


+13 30 


81 


82 • 


P. Ms. 


114 


1 10 


4-12 30 


83 


85 


P. Ms. 


115 


1 10 


+ 11 30 


70 


71 


P. Ms. 


116 


1 10 


+10 30 


76 


77 


P. Ms. 


117 


1 10 


+ 4 30 


67 


67 


P. Ms. 


118 


1 10 


+ 3 30 


62 


62 


P. Ms. 


119 


1 10 


+ 2 30 


67 


67 


P. Ms. 


120 


1 10 


+ 1 30 


70 


70 


P. Ms. 


121 


1 10 


+ 30 


68 


68 


P. Ms. 


122 


1 14 


+ 14 30 


71 


73 


P. Ms. 


123 


1 14 


+ 13 30 


82 


•84 


P. Ms. 


124 


1 14 


+ 12 30 


75 


76 


P. Ms. 


125 


1 14 


+11 30 


71 


72 


P. Ms. 


126 


1 14 


+10 30 


66 


67 • 


P. Ms. 


127 


1 14 


+ 4 30 


68 


68 


P.Ms. 


128 


1 14 


+ 3 30 


69 


69 


P. Ms. 


129 


1 14 


+ 2 30 


46 


46 


P. Ms. 


130 


1 14 


+ 1 30 


69 


69 


P. Ms. 


131 


1 14 


+ 30 


54 


54 


P. Ms. 


132 


1 18 


+14 30 


64 


66 


P. Ms. 


133 


1 18 


+ 13 30 


68 


70 


P. Ms. 


134 


1 18 


+12 30 


57 


58 


P. Mb. 


135 


1 18 


+ 11 30 


68 


69 


P. Ms. 


136 


1 18 


+ 10 30 


83 


84 


P. Ms. 
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Table I— COUNTS OF ST ARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
S^e. 5 


Authority. 


137 


h. m. 

1 18 


o r 

+ 4 30 


75 


To 


P.Ms. 


138 


1 18 


+ 3 30 


55 


55 


P. Ma 


139 


1 18 


+ 2 30 




■>5 


P. Ms. 


140 


1 18 


+ 1 30 


67 


67 


P.Ms. 


141 


1 18 


4- 30 


82 


82 


P.Ms. 


142 


1 22 


+ 14 30 


73 


75 1 


P. M«. 


143 


1 22 


+ 13 30 


50 


51 i 


P.Ms. 


144 


1 22 


+ 12 30 


■ 

44 


45 


P.Ms. 


145 


1 26 


+ 14 30 


. ^ 


60 


P. Ma. 


146 


1 26 


+ 13 .30 


64 


66 


P.Ms. 


147 


1 26 


+12 30 


56 


57 


P.Mr. 


148 


1 30 


+ 14 30 


42 


43 


P.Ms. 


149 


1 80 


+ 13 30 


81 


83 


P. Mfi. 


150 


1 30 


+-12 30 


58 


59 


P.Ms. 


151 


1 34 


4-14 30 


59 


61 


P. Ms. 


152 


1 34 


4-13 30 


64 


66 


P. Ms. 


153 


1 34 


+-12 30 


68 


69 


P.Ms. 


154 


1 38 


+-14 30 


53 


55 


P. Ms. 


155 


1 38 


+-13 30 


39 


40 i 


P. Ms. 


156 


1 38 


+ 12 30 


74 


75 


P, Ms. 


157 


1 46 


+ 12 30 


69 


70 


C. 


158 


1 46 


+ 11 30 


61 


62 


C. 


159 


1 46 


+ 10 30 


65 


66 


C. 


160 


1 50 


+ 12 30 


67 


68 


C. 


161 


1 50 


+ 11 30 


91 


93 


C. 


162 


1 50 


+ 10 30 . 


58 


59 


C. 


163 


1 54 


+ 12 30 


71 


• 72 


C. 


164 


1 54 


+ 11 30 


68 


69 


C. 
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PUBLICATIONS OF 



Table I — COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 


Authority. 


165 


h, m. 
1 54 


o / 

+10 30 


63 


64 


C. ♦ 


166 


1 58 


+ 12 30 


90 


92 


C. 


167 


1 58 


+ 11 30 


78 


79 


C. 


168 


1 58 


+-10 30 


75 


76 


C. 


169 


3 2 


+ 19 30 


76 


80 


P. Ms. 


170 


3 2 


-+18 30 


117 


123 


P. Mr. 


171 


3 3 


+-17 30 


89 


93 


P. Ms. 


172 


3 2 


+16 30 


96 


100 


P. Ms. 


173 


3 2 


+15 30 


84 


86 


P. Ms. 


174 


3 6 


+ 19 30 


70 


74 


P. Ms. 


175 


3 6 


+ 18 30 


90 


95 


P. Ms. 


176 


3 6 


+17 30 


105 


110 


P. Ms. 


177 


3 6 


+ 16 30 


73 


76 


P. Ms. 


178 


3 6 


+15 30 


90 


94 


P. Ms. 


179 


3 10 


+ 19 30 


92 


97 


P. Ms. 


180 


3 10 


+18 30 


87 


92 


P. Ms. 


181 


3 10 


+17 80 


75 


79 


P. Ms. 


182 


3 10 


+ 16 30 


84 


87 


P. Ms. 


183 


3 10 


+ 15 30 


86 


88 


P. Ms. 


184 


3 14 


+ 19 30 


58 


60 


P. Ms. 


185 


3 14 


+ 18 30 


82 


86 


P. Ms. 


186 


3 14 


+17 30 


64 


67 


P. Ms. 


187 


3 14 


+16 30 


96 


100 


P. Ms. 


188 


3 14 


+15 30 


91 


95 


P. M3. 


189 


3 18 


+ 19 30 


62 


66 


P. Ms. 


190 


3 18 


+ 18 30 


71 ^ 


75- 


P. Ms. 


191 


3 18 


+17 30 


61 


64 


P. Ms. 


192 


3 18 


+16 30 


86 


89 


P. Ms. 
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TABLE I.— COUNTS OF STARS — Continued- 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. S 


Authority. 


193 


h. m. 
3 18 


o / 

+ 15 30 


91 


95 


P. Mfl. 


194 


4 2 


+ 23 30 


84 


91 


C. 


195 


4 2 


+ 22 30 


84 


90 


C. 


196 


4 2 


+21 30 


75 


80 


C. 


197 


4 2 


H-20 30 


45 


47 


C. 


198 


4 2 


+ 19 30 


54 


57 


C. 


199 


4 6 


+ 23 30 


80 


87 


C. 


200 


4 6 


+-22 30 


61 


66 


C. 


201 


4 6 


+21 30 


53 


57 


C. 


202 


4 6 


+-20 30 


46 


49 


C. 


203 


4 6 


4-19 30 


50 


53 


C. 


204 


4 10 


+ 23 30 


86 


94 


C. 


205 


4 10 


+ 22 30 


101 


109 


C. 


206 


4 10 


+ 21 30 


56 


60 


C. 


207 


4 10 


+-20 30 


53 


56 


C. 


208 


4 10 


-fl9 30 


54 


57 




209 


4 14 


+ 23 30 


75 


81 


c. 


210 


4 14 


+-22 30 


94 


101 


c. 


211 


4 14 


+21 30 


66 


71 


c. 


212 


4 14 


+ 20 30 


80 


85 


c. 


213 


4 14 


+ 19 30 


57 


60 


c. 


214 


4 18 


+ 23 30 


72 


78 


c. 


215 


4 18 


+ 22 30 


69 


74 


c. 


216 


4 18 


+21 30 


64 


68 


c. 


217 


4 18 


+ 20 30 


39 


42 


c. 


218 


4 18 


+19 30 


46 


49 


c. 


219 


4 42 


+24 30 


44 


48 


c. 


220 


4 42 


+23 30 


57 


62 


c. 
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PUBLICATIONS OF 



Tabls I — CDUNrS OF STARS — Continued . 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 6 


Authority. 


331 


h. m. 
4 43 


/ 

+ 33 30 


69 


74 


C. 


333 


4 43 


+ 31 30 


124 


134 


C. 


223 


4 43 


+ 20 30 


121 


139 


C. 


234 


4 46 


+ 34 30 


69 


76 


C. 


235 


4 46 


+ 33 30 


90 


98 


C. 


238 


4 46 


+23 30 


93 


100 


C. 


237 


4 46 


+ 31 30 


139 


139 


C. 


338 


4 46 


+ 30 30 


151 


160 


C. 


339 


4 50 


+-34 30 


85 


93 


C. 


330 


4 50 


+-33 30 


78 


85 


C. 


231 


4 50 


+ 32 30 


110 


119 


C. 


233 


4 50 


-f31 30 


140 


149 


C. 


238 


4 50 


+30 30 


137 


146 


C. 


334 


4 54 


+34 30 


106 


117 


C. 


235 


4 54 


+ 23 30 


178 


193 


C. 


236 


4 54 


+ 33 30 


104 


113 


C. 


237 


4 54 


+31 30 


155 


166 


C. 


238 


4 54 


+ 30 30 


149 


158 


C. 


339 


4 58 


+ 34 30 


117 


139 


C. 


240 


4 58 


+ 33 30 


133 


145 


C. 


341 


4 58 


+ 33 30 


138 


138 


C. 


343 


4 58 


+ 31 30 


149 


159 


C. 


243 


4 58 


+ 30 30 


138 


147 


C. 


344 


7 54 


+ 15 30 


168 


174 


P.Ms. 


245 


7 58 


+ 15 30 


84 


87 


P.Ms. 


346 


8 36 


+ 30 30 


59 


63 


C. 


347 


8 36 


+ 19 30 


71 


75 


C. 


248 


8 36 


+ 18 30 


84 


88 


C. 
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Table I — COUNTS OF STARS — Continued . 



No. 


R. A. 1860. 


D^c. 1860. 


No. Stars. 


No. Stars 
Sec. d^ 


Authority. 


249 


h. m. 
8 2^ 


o t 

+17 30 


65 


68 


C. 


250 


8 30 


+ 20 30 


82 


88 


C. 


261 


8 30 


+19 30 


87 


92 


C. 


252 


8 30 


+ 18 30 


78 


82 


C. 


253 


8 30 


+ 17 30 


70 


74 


C. 


254 


8 34 


+ 20 30 


110 


118 


C. 


255 


8 .34 


+19 30 


99 


105 


C. 


256 


8 34 


+ 18 30 


57 


60 


C. 


257 


8 34 


+ 17 30 


70 


74 


C. 


258 


8 38 


+20 30 


79 


85 


o. 


259 


8 38 


+ 19 30 


75 


79 


c. 


260 


8 38 


+ 18 30 


65 


68 


0. 


261 


8 38 


+ 17 30 


71 


74 


c. 


262 


8 46 

• 


+ 19 30 


54 


57 


c. 


263 


8 46 


+ 18 30 


64 


67 


c. 


264 


8 46 


+ 17 30 


48 


50 


c. 


265 


8 46 


+ 16 30 


85 


88 


c. 


266 


8 50 


+ 19 30 


71 


75 


c. 


267 


8 50 


+ 18 30 


65 


68 


c. 


26S 


8 50 


+ 17 30 


53 


56 


c. 


269 


8 50 


+ 16 80 


70 


73 


c. 


270 


8 54 


+ 19 30 


66 


70 


c. 


271 


8 54 


+ 18 30 


54 


57 


c. 


272 


8 54 


+ 17 30 


61 


64 


c. 


273 


8 54 


+16 30 


80 


84 


c. 


274 


8 58 


+19 30 


60 

• 


63 


c. 


275 


8 58 


+18 30 


64 


67 


c. 


276 


8 58 


-^-17 30 


67 


70 


c. 



188 



PUBLICATIONS OF 



Table L— COUNTS OF STARS — Continued. 



No. 


R A. 1860. 


Dec. 1860. 


No. Stars. 


p 

No. Stars 
Sec. 5 


Authority. 


277 


h. m. 

8 58 


+ 16 30 


69 


71 


C 


278 


9 6 


+18 30 


52 


55 


C. 


279 


9 6 


+ 17 30 


66 


69 


C. 


280 


9 6 


+-16 30 


65 


68 


C. 


281 


9 6 


+ 15 30 


60 


62 


C. 


282 


9 6 


+ 14 30 


68 


70 


C. 


283 


9 10 


+ 18 30 


61 


64 


C. 


284 


9 10 


+-17 30 


62 


65 


C. 


285 


9 10 


+ 16 30 


64 


66 


C. 


286 


. 9 10 


-fl5 30 


65 


67 


C. " 


287 


9 10 


-hl4 30 


63 


65 


C. 


288 


9 14 


+ 18 80 


53 


56 


C. 


289 


9 14 


4-17 30 


58 


61 


C. 


290 


9 14 


+-16 30 


59 


61 


C. 


291 


9 14 


+ 15 30 


61 


63 


C. 


292 


9 14 


+14 30 


' 68 


70 


C. 


298 


9 18 


+ 18 30 


55 


58 


C. 


294 


9 18 


+ 17 30 


68 


66 


C. 


295 


9 18 


+ 16 30 


53 


55 


C. 


296 


9 18 


+ 15 30 


67 


60 


C. 


297 


9 18 


+ 14 30 


50 


52 


C. 


298 


9 26 


+ 16 30 


60 


62 


c. 


299 


9 26 


+ 15 30 


62 


64 


c. 


300 


9 26 


+ 14 30 


83 


85 


c, 


301 


9 26 


+ 13 30 


61 


68 


c. 


302 


9 80 


+ 16 30 


57 


60 


c. 


303 


9 30 


+ 15 30 


57 


60 


c. 


804 


1 9 30 


+ 14 30 


55 


57 


c. 
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Table I— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Star 


No. Stars 
Sec. (^ 


Authority. 


305 


b. m. 
9 30 


o / 

+13 30 


63 


65 


C. 


306 


9 34 


-hl6 30 


47 


49 • 

1 


C. 


307 


9 34 


+15 30 


57 


59 


C. 


308 


9 34 


+14 30 


63 


65 


C. 


309 


9 34 


+13 30 


58 


60 


C. 


310 


9 38 


+16 30 


54 


56 


C. 


311 


9 38 


+15 30 


58 


60 


C. 


312 


9 38 


+ 14 30 


58 


60 


* 

c. 


313 


9 38 


+13 30 


63 


65 


c. 


314 


9 42 


+ 9 30 


61 


62 


c. 


315 


9 46 


+ 14 30 


64 


66 


c. 


316 


9 46 


+ 13 30 


78 


80 


c. 


317 


9 46 


+12 30 


54 


55 


c. 


318 


9 46 


+ 11 30 


65 


66 


c, 


318a 


9 46 


+ 9 30 


75 


76 


c. 


319 


9 50 


+14 30 


73 


75 


c. 


320 


9 50 


+13 30 


66 


68 


c. 


321 


9 50 


+12 30 


73 


74 . 


c. 


322 


9 50 


+ 11 30 


63 


64 


c. 


323 


9 50 


+9 30 


73 


74 


c. 


324 


9 54 


+14 30 


80 


82 


c. 


325 


9 54 


\ +13 30 


65 


67 


c. 


326 


9 54 


+12 30 


55 


58 


c. 


327 


9 54 


+11 30 


63 


64 


c. 


328 


9 54 


+ 9 30 


. 59 


60 


p. Ms. 


329 


9 58 


+14 30 


62 


64 


c. 


330 


9 58 


+13 30 


49 


50 


c. 


331 


9 58 


+ 12 30 


46 


47 


c. 


332 


9 58 


+11 30 


69 


70 


c. 
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PUBLICATIONS OF 



TableI— COUNTS OF STARS— Co tinued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars; 


No. Stars 
Sec. 6 


Authority. 


333 


b. m. 

9 58 


+ 9 30 


71 


72 


P.Ms. 


334 


10* 2 


• 

+14 30 


80 


82 


P.Ms. 


385 


10 2 


+13 80 


78 


80 


P. Ms. 


336 


10 2 


+12 30 


80 


82 


P. Ms, 


337 


10 2 


+11 30 


82 


84 


P. Ms. 


338 


10 2 


+10 30 


62 


63 


P. Ms. 


339 


10 6 


+14 30 


75 


77 


P. Ms. 


340 


10. 6 


+13 30 


70 


72 


P. Ms. 


341 


10 6 


+12 30 


93 


95 


P. Ms. 


342 


10 6 


+11 30 


84 


86 


P. Ms. 


343 


10 6 


+ 10 30 


84 


86 


P. Ms. 


344 


10 10 


+14 30 


69 


71 


P.Ms. 


345 


10 10 


+13 30 


91 


94 


P. Ms. 


346 


10 10 


+12 30 


74 


75 


P. Ms. 


347 


10 10 


+11 30 


69 


70 


P. Ms. 


348 


10 10 


+10 30 


68 


69 


P. Ms. 


349 


10 14 


+14 30 


67 


69 


P. Ms. 


350 


10 14 


+13 30 


58 


60 


P. Ms. 


351 


10 14 


+12 30 


85 


87 


P. Ms. 


352 


10 14 


+11 30 


86 


88 


P. Ms. 


353 


. 10 14 


+10 30 


61 


62 


P. Ms. 


354 


10 18 


+14 30 


72 


74 


P. Ms. 


355 


10 18 


+13 30 


61 


63 


P. Ms. 


356 


10 18 


+12 30 


69 


70 


P.Ms. 


357 


10 18 


+11 30 


85 


87 


P. Ms. 


358 


10 18 


+10 30 


71 


72 


P. Ms. 


359 


10 22 


+14 30 


46 


47 


P. Ms. 


360 


10 22 


+13 30 


59 


61 


P. Ms. 
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TABLE I.— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


361 


h. m. 
10 22 


o / 

+12 30 


47 


48 


P.Ms. 


382 


10 26 


4-14 30 


53 


. 54 


P.Ms. 


363 


10 26 . 


+13 30 


47 


48 


P. Ms. 


364 


10 26 


+12 3Q 


57 


58 


P. Md. 


365 


10 30 


+14 30 


50 


51 


P. Ms. 


366 


10 30 


+13 30 


60 


62 


P.Ms. 


367 


10 30 


+12 30 


55 


56 


P. Ms 


368 


10 34 


+14 30 


51 


53 


P. Ms. 


369 


10 34 


+13 30 


71 


73 


P. Ms. 


370 


10 34 


+12 30 


51 


52 


P. Ms,' 


371 


10 38 


+14 30 


47 


48 


P. Ms. 


372 


10 38 


-rl3 30 


52 


54 


P. Ms. 


373 


10 38 


+12 30 


64 


65 


P. Ms. 


374 


10 42 


+14 30 


61 


63 


P.Ms. 


375 


10 42 


+13 30 


52 


54 


P.Ms. 


376 


10 42 


+12 30 


50 


51 


P. Ms. 


377 


10 46 


+14 30 


69 


71 


P. Ms. 


378 


10 4rt 


+13 30 


51 


52 


P.Ms. . 


379 


10 46 


+12 30 


64 


65 


P. Ms. 


380 


10 50 


+14 30 


64 


66 


' P. Ms. 


381 


10 50 


+13 30 


66 


67 


P. Ms. 


382 


10 50 


+12 30 


72 


73 


P.Ms. 


383 


10 54 


+14 30 


85 


87 


P. Ms. 


384 


10 54 


+13 30 


74 


76 


P.Ms. 


385 


10 54 


+12 30 


73 


74 


P.Ms. 


386 


10 58 


+14 30 


90 


93 


P.Ms. 


387 


10 58 


+13 30 


86 


89 


P.Ms. 


388 


10 58 


+12 30 


100 


102 


P.Ms. 
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PUBLICATIONS OF 



Table I— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 8 


Authority. 


389 


h. m. 
11 2 


/ o 

— 30 


64 


54 


P. Ms. 


390 


11 2 


1 30 


56 


56 


P. Ms. 


391 


11 2 


— 2 30 


47 


47 


P. Ms. 


392 


11 2 


- 3 30 


58 


•58 


P. Ms. 


393 


11 2 


— 4 30 


70 


70 


P. Ms. 


394 


11 6 


+ 7 30 


46 


46 


C. 


395 


11 6 


+ 6 30 


47 


47 


C. 


396 


11 6 


+ 5 30 


51 


51 


C. 


397 


11 6 


+ 4 30 


46 


46 


C. 


398 


11 6 


+ 3 30 


51 


51 


C. 


399 


11 6 


— 30 


54 


54 


P. Ms. 


400 


11 6 


— 1 30 


64 


64 


P. Ms. 


401 


11 6 


— 2 30 


33 


33 


P. Ms. 


402 


11 6 • 


— 3 30 


68 


68 


P. Ms. 


403 


11 6 


— 4 30 


63 


63 


P. Ms. 


404 


11 10 


+ 7 30 


48 


46 


C. 


405 


11 10 


+ 6 30 


56 


56 


C. 


406 


11 10 


+ 5 30 


57 


57 


C. 


407 


11 10 


+ 4 30 


42 


42 


C. 


408 


11 10 


+ 3 30 


53 


53 


C. 


409 


11 10 


— 30 


45' 


45 


P. Ms. 


410 


11 10 


. — 1 30 


56 


56 


P. Ms. 


411 


11 10 


— 2 30 


52 


52 


P. Ms. 


412 


11 10 


— 3 30 


75 


75 


P. Ms. 


413 


11 10 


— 4 30 


67 


67 


P. Ms. 


414 


11 14 


+ 7 30 


50 


50 


C. 


415 


11 14 ' 


+ 6 30 


51 


51 


C. 


416 


11 14 


+ 5 30 


76 


76 


C. 
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Table I— COUNTS OF STARS— Continued 



No. 


R A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. S 


Authority. 


417 


h. m. 
11 14 


o / 

+ 4 30 


49 


49 


C, 


418 


11 14 


4- 3 30 


57 


57 


C. 


419 


11 14 


30 


45 


45 

• 


P. Ms. 


420 


11 14 


-- 1 30 


55 


55 


P. Ms. 


421 


11 14 


— 2 30 


55 


55 


P. Ms. 


422 


11 14 


3 30 


67 


67 


P. Mr. 


423 


11 14 


4 30 


76 


76 


P. Ms. 


424 


11 18 


-f 7 30 


52 


52 


C. 


425 


11 18 


+ 6 30 


50 


50 


C. 


426 


11 18 


+ 5 30 


37 


37 


C. 


427 


11 18 


4- 4 30 


52 


52 


C. 


428 


11 18 


4- 3 30 


69 


6» 


C. 


429 


11 18 


— 30 


46 


46 


P. Ms. 


430 


11 18 


— 1 30 


55 


55 


P. Ms. 


431 


11 18 


— 2 30 


54 


54 


P. Ms. 


432 


11 18 


— 3 30 


56 


56 


P. Ms. 


433 


11 18 


— 4 30 


57 


57 


P. Ms. 


434 


11 22 


— 30 


51 


51 


P. Ms. 


435 


11 22 


— 1 30 


53 


53 


P. Ms. 


436 


11 23 


— 2 30 


50 


50 


P. Mr. 


437 


11 22 


— 3 30 


58 


58 


P. Ms. 


438 


11 22 


— 4 80 


60 


60 


P. Ms. 


439 


11 26 


+ 4 30 


62 


62 


C. 


440 


11 26 


+ 3 30 


52 


52 


C. 


441 


11 26 


+ 2 30 


57 


57 


c. 


442 


11 26 


+ 1 80 


47 


47 


c. 


443 


11 26 


— 80 


66 


66 


p. Ms. 


444 


11 26 


— 1 30 


55 


55 


P. Ms. 
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PUBLICATIONS OF 



Table I — COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


445 


h. m. 
11 26 


o / 

— 2 30 


64 


64 


1 

P. Ms. 


446 


11 26 


3 30 


57 


57 


P. Ms. 


447 


11 26 


— 4 30 


65 


65 


P. Ma 


448 


11 30 


+ 4 30 


55 


55 


C. 


449 


11 80 


+ 3 30 


83 


83 


C. 


450 


11 30 


+ 2 30 


85 


85 


C. 


451 


11 30 


+ 1 30 


56 


56 


C. 


452 


11 30 


30 


51 


51 


P. Mr. 


453 


11 30 


1 30 


60 


60 


P. Ms. 


454 


11 30 


— 2 30 


58 


58 


P. Ms. 


455 


11 30 


3 30 


44 


44 


P. Ms. 


456 


11 ^ 


— 4 30 


45 


45 


P. Mr. 


457 


11 34 


+ 4 30 


66 


66 


C. 


458 


11 84 


+ 3 30 


79 


79 


C. 


459 


11 34 


+ 2 30 


80 


80 


C. 


460 


11 34 


+ 1 30 


42 


42 


C. 


461 


11 38 


+ 4 30 


46 


46 


C. 


462 


11 38 


+ 3 30 


51 


51 


C. 


463 


11 38 


+ 2 30 


76 


76 


C. 


464 


11 38 


+ 1 30 


63 


63 


C. 


465 


11 38 


— 30 


55 


55 


P. Mr. 


466 


11 38 


— 1 30 


46 


46 


P. Ms. 


467 


11 38 


- 2 30 


55 


55 


P. Ms. 


468 


11 38 


— 3 30 


' 57 


57 


P. Ms. 


469 


11 38 


4 30 


48 


48 


P. Ms. 


470 


11 42 


+ 9 30 


46 


46 


P. Ms. 


471 


11 42 


+ 8 30 


62 


63 


P.Ms. 


472 


11 42 


+ 7 30 


67 


68 


P. Mr. 


473 


11 42 


+ 6 30 


71 


72 


P. Mr. 
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Table I— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Shc. 8 


Authority. 


474 


h. m. 

11 42 


o / 

-f 5 30 


43 


43 


P.Mr. 


475 


11 42 


— 2 30 


58 


58 


P.Ms. 


476 


11 42 


— 3 30 


ro 


56 


P. Mb. 


477 


11 42 


— 4 30 


57 


57 


P. Mb. 


478 


11 46 


-f 9 30 


60 


61 


P. Mb. 


479 


11 46 


+ 8 30 


58 


59 


P. Mb. 


480 


11 46 


+ r 30 


51 


51 


P. Mb. 


481 


11 46 


+ 6 30 


64 


64 


P. Mb. 


482 


11 46 


+ 5 30 


57 


57 


P.Ms. 


483 


11 46 


+ 4 30 


73 


73 


P.Ms. 


484 


11 46 


— 2 30 


64 


64 


P. Mb. 


485 


' 11 46 


— 3 30 


52 


52 


P.Ms. 


486 


11 46 


— 4 80 


58 


58 


P.Mfl. 


487 


11 30 


+ 9 30 


56 


57 


P.Ms. 


488 


11 50 


+ 8 30 


56 


57 


P. Ms. 


489 


11 50 


-h 7 30 


45 


45 


P. Mb. 


490 


11 50 


+ 6 30 


60 


60 


P. Ms. 


491 


11 50 


+ 5 30 


62 


62 


P. Mb. 


492 


11 50 


+ 4 30 


61 


61 


P. Ms. 


493 


11 50 


— 2 30 


. 42 


42 


P. Ms. 


494 


11 50 


— 3 30 


60 


60 


P. Mb. 


495 


11 50 


— 4 30 ; 

1 


55 


55 


P. Ms. 


496 


11 54 


, + 9 30 


60 


61 


P. Mb. 


497 


11 54 


+ 8 30 


62 


63 


P. Mb. 


498 


11 54 


+ 7 «0 


76 


77 


P. Ms. 


499 


11 54 


1 
+ 6 30 


63 


63 


P. Ms. 


500 


11 54 


+ 5 80 


48 


48 


P. Ms 


dOl 


n U 


+ 4 80 " 


69 


69 


P. Ms, 
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PUBLICATIONS OF 



Table I.— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 

■ 


No. Stars 
Sec. (^ 


Authority. 


502 


h. m. 
11 54 


o / 

2 30 


56 


56 


P.Ms. 


503 


11 54 


3 30 


43 


43 


P.Ms. 


504 


11 54 


4 30 


45 


45 


P.Ms. 


505 


11 58 


+ 9 30 


57 


58 


P.Ms. 


506 


11 58 


+ 8 30 


60 

• 


61 


P.Ms. 


507 


11 58 


+ 7 30 


49 


49 


P.Ms. 


508 


11 58 


+ 6 30 


70 


71 


P.Ms. 


509 


11 58 


+ 5 30 


57 


57 


P.Ms. 


510 


11 58 


+ 4 30 


55 


55 


P.Ms. 


511 


11 58 


2 30 


53 


53 


P. Ms. 


512 


11 58 


3 30 


53 


53 


P.Ms. 


513 


11 58 


4 30 


47 


47 


P. Ms. 


514 


12 2 


+ 9 30 


58 


59 


P.Ms. 


515 


12 2 


+ 8 30 


58 


59 


P.Ms, 


516 


12 2 


+ 7 30 


66 


67 


P.Ms. 


517 


12 2 


+ 6 30 


54 


54 


P.Ms. 


518 


12 2 


+ 5 30 


52 


52 


P.Ms. 


519 


12 2 


+ 4 30 


58 


58 


P.Ms. 


520 


12 2 


+ 3 30 


70 


70 


P.Ms. 


521 


12 2 


+ 3 30 


67 


67 


P.Ms. 


522 


12 2 

% 


+ 1 30 


57 


57 


P.Ms. 


523 


12 2 


4- 30 


64 


64 


P.Ms. 


524 


12 2 


- 30 


52 


52 


P.Mr. 


525 


12 2 


1 30 


65 


65 


P.Ms. 


526 


12 2 


— 2 30 


51 


51 


P.Ms. 


527 


12 2 


— 3 30 


46 


46 


P.Ms. 


528 


12 2 


— 4 30 


54 


54 


P.Ms. 


529 


12 6 


+ 9 30 


58 


59 


P.Ms. 
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Table I.— COUNTS OF STARS — Continued. 



No. 


R. A, 1860. 


Dec. 1860. 


No. Stars. 


No. Stare 
Sec. d 


Authority. 


530 


h. m. 
12 6 


o / 

+ 8 30 


58 


59 


P.Ms. 


531 


12 6 


+ 7 30 , 


60 


61 


P. Ms. 


532 


12 6 


+ 6 30 


69 


69 


P.Mr. 


533 


12 6 


+ 5 30 


56 


56 


P.Ms. 


534 


12 6 


+ 4 30 


52 


52 


P.Ms. 


535 


12 6 


+ 3 30 


56 


56 


P.Ms. 


536 


12 6 


+ 3 30 


56 


56 


P. Ms. 


537 


12 6 


4- 1 30 


62 


62 


P.Ms. 


538 


12 6 


+ 30 


57 


57 


P.Ms. 


539 


12 6 


— 30 


79 


79 


P. Ms. 

• 


540 


12 6 


— 1 30 


56 


?6 


P. Ms. 


541 


12 6 


— 2 30 


60 


60 


P. Ms. 


542 


12 6 


— 3 30 


46 


46 


P. Ms. 


543 


12 6 


— 4 30 


55 


55 


P. Ms. 


544 


12 10 


+ 9 30 


67 


68 


P. Ms. 


545 


12 10 


+ 8 30 


63 


64 


P. Ms. 


546 


12 10 


+ 7 30 


69 

* 


70 


P. Ms, 


547 


12 10 


+ 6 30 


59 


59 


P. Ms. 


548 


12 10 


+ 5 30 


74 


74 


P. Ms. 


549 


12 10 


+ 4 30 


43 


43 


P. Ms. 


550 


12 10 


+ 3 30 


59 


59 


P.Ms. 


551 


12 10 


+ 2 30 


59 


59 


P.Ms, 

1 


552 


12 10 


+ 1 30 


58 


58 


P. Mr. 

1 


553 


12 10 


+ 30 


59 


59 


P. Ms. 


554 


12 10 


30 


71 


71 


P.Ms. 


555 


12 10 


1 30 


64 


' 64 


P. Ms. 


556 


12 10 


— 2 30 


54 


54 


P. Ms; 


557 


12 10 


— 3 30 


45 


45 


P.Ms- 



PUBLICATIONS OF 



Tabi^ I— counts of STARS— Continned. 





R. A. 1660. 


Dec. 1860. 


No. Stars. 


Na Stars 

Sec.fi 


Authority. 




h. m. 

12 10 


—i 80 


88 


88 


P. Mb. 




13 14 


+ 9 80 


53 


33 


P. Mb. 




12 14 


+8 30 


79 


80 


P. Mb. 




la 14 


+7 80 


58 


59 


P, Ma. 




13 14 


+6 80 


67 


97 


P. Mb. 




13 14 


+5 80 


67 


67 


P. Ms. 




13 14 


+4 30 


48 


48 


P. Ms. 




13 14 


+3 30 


45 


43 


P. Ms. 




13 14 


+3 30 


59 


50 


P. Mb. 




13 14 


+ 1 30 


55 


55 


P. Ms. 




12 14 


+0 30 


68 


98 


P. Ms. 




13 14 


—0 30 


61 


61. 


P.Ms. 




la 14 


-1 30 


74 


74 


P. Ms. 




12 14 


—3 30 


67 


67 


P.Ms. 




12 14 


-3 30 


47 


47 


P. Mb. 




12 14 


—4 30 


53 


55 


P. Mb. 




13 18 


+9 30 


67 


68 


P. Ma. 




13 18 


+8 30 


70 


71 


P.Ms. 




12 18 


+ 7 30 


53 


33 


P. Mb. 




12 18 


+ 6 SO 


67 


67 


P. Mb. 




12 18 


-1-5 30 


69 


66 


P. Mb. 




13 18 


+4 30 


48 


48 


P. Ms. 




12 18 


+3 30 


51 


51 


P. Ma. 




13 18 


+3 30 


48 


48 


P. Ma. 




12 18 


+ 1 30 


66 


66 


P.Ms. 




13 18 


+0 30 


73 


73 


P. Mb. 




13 18 


-0 30 


74 


74 


P. Ma. 




12 18 


—1 30 


61 


81 


P. Ma 
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Table I— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stare. 


No. Stars 
Sec. <^ 


Authority. 


586 


h. m. 

12 18 


e / 

— 2 30 


52 


52 


P. Ms. 


587 


12 18 


— 3 30 


54 


54 


P. Ms. 


588 


12 18 


4 30 


58 


58 


P. Ms. 


589 


12 22 


30 


62 


62 


P. Ms. 


590 


12 26 


- 30 


63 


63 


P. Ms. 


591 


12 30 


— 30 


52 


52 


P. M& 


592 


12 34 


— 30 


53 


53 


P. Ms. 


598 


12 38 


— 30 


68 


63 


P. Ms. 


594 


12 46 


+ 1 30 


50 


50 


C. 


595 


12 46 


+ 30 


57 


57 


C. 


596 


12 50 


+ 1 30 


57 


57 


C. 


597 


1!^ 50 


+ 30 


74 


74 


C. 


598 


13 22 


— 5 30 


55 


55 


P. Ms. 


599 


18 26 


— 5 30 


79 


79 


P. Ms. 


600 


13 30 


— 5 30 


76 


76 


P. Ms. 


601 


13 34 


5 30 


75 


75 


P. Ma 


602 


13 38 


5 30 


65 


65 


P. Ms. 


608 


13 42 


10 30 


72 


73 


P. Ms. 


604 


13 42 


11 30 


68 


69 


P. Ms. 


605 


13 42 


12 30 


77 


79 


P. Ms. 


606 


13 42 


—13 30 


62 


64 


P. Ms. 


607 


13 42 


—14 30 


56 


58 


P. Ms. 


608 


13 46 


10 30 


66 


67 


P. Ms. 


609 


13 46 


—11 30 


79 


81 


P. Ms. 


610 


13 46 


—12 30 


71 


78 


P. Ms. 


611 


13 46 


-13 30 


76 


78 


P. Ms. 


612 


13 46 


—14 30 


73 


75 


P. its. 


618 


13 50 


—10 30 


68 


69 


P. Ms. 



PUBLICATIONS OF 



Table I -COUNTS OF STARS— Continued. 



- 


E. A. 1860. 


Dec. 1860. 


Na Stars. 


No. Stars 
Sec. 5 


Authority. 


h. m. 
13 60 


-11 30 


83 


' 85 


P. Mb. 


13 50 


-12 30 


80 


83 


P. Mb 






18 SO 


-13 30 


75 


77 


P. He 






13 50 


—14 30 


68 


65 


P. Ms 






13 54 


-10 30 


98 


69 


P. Mb 






13 54 


-11 30 


70 


71 


P. Me 






13 54 


-13 30 


78 


74 


P. Me 






13 54 


-18 30 


72 


74 


P. Me 




i 13 54 


—14 30 


85 


87 


P.Ms 




i 13 58 


-10 30 


68 


60 


P.Ms 




1 13 58 


—11 30 


74 


75 


P.Ms 




j 13 58 


-12 30 


67 


68 


P. Ma 




! 13 58 


-18 30 


83 


84 


F.Ms 






- 13 58 


-14 30 


100 


108 


P.Ms 






14 2 


--10 30 


85 


87 


P. Ms 






14 2 


-11 80 


81 


83 


P. Me 






14 3 


—12 30 


96 


98 


P. Me 






14 2 


-13 30 


71 


73 


P. Mb 






14 2 


-14 30 


88 


90 


P. Mb 






14 6 


-10 30 


93 


05 


P. Ms 






14 6 


—11 30 


79 


81 


P. Ms 






14 6 


-12 30 


68 


69 


P.Ms 






14 6 


—13 30 


83 


85 


P.Ms 






14 


-14 30 


04 


97 


P. Mb 






14 10 


—10 30 


65 


66 


P. Mb 






14 10 


-11 30 


93 


B4 


P.Ms 






,14 10 


—13 30 


76 


78 


P.Ms 






14 10 


—13 30 


76 


77 


P. Mb 
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Table I— COUNTS OF STARS— Continued. 



No. 


R. A. 


1860. 


Dec. 1860. 


1 
No. Stars.' 

1 

1 


No. Stars 
Sec. d 


Authority. 


642 


h. 

14 


m. 
10 


/ 

14 30 


77 


79 


P. Ms. 


643 


14 


14 


10 30 


68 


69 


P. Ms. 


644 


14 


14 


11 30 


74 


75 


P. Ms. 


645 


14 


14 


—12 30 


68 


69 


P. Ms. 


646 


14 


14 


13 30 


71 


73 


P. Ms. 


647 


14 


14 


14 30 


87 


89 


P. Ms. 


648 


14 


18 


10 30 


77 


78 


P. Ms. 


649 


14 


18 


11 30 


91 


93 


P. Ms. 


650 


14 


18 


—12 30 


96 


98 


P. Ms. 


651 


14 


18 


13 30 


88 


90 


P. Ms. 


652 


14 


18 


14 30 


100 


103 


P. Ms. 


653 


15 


14 


—12 30 


74 


80 


Watson. 


654 


15 


18 


21 30 


91 


98 


Watson. 


655 


15 


22 


—20 30 


99 


106 


P. Ms. 


656 


15 


26 


—20 30 


88 


94 


P. Ms. 


657 


15 


30 


—20 30 


86 


92 


P. Ms. 


658 


15 


34 


—20 30 


94 


100 


P. Ms. 


659 


15 


38 


—20 30 


86 


92 


P.Ms. 


660 


15 


42 


—20 30 


100 


107 


P.Ms. 


661 


15 


46 


—20 30 


78 


83 


P.Ms. 


662 


15 


50 


—20 30 


96 


103 


P. Ms. 


663 


15 


54 


- —20 30 


104 


111 


P.Ms. 


664 


15 


58 


—20 30 


100 


107 


P.Ms. 


665 


16 


6 


+ 15 30 


61 


63 


Watson. 


666 


16 


10 


+15 30 


75 . 


78 


Watson. 


667 


16 


14 


+15 30 


69 


72 


Watson. ^ 


668 


16 


22 


+16 30 


85 


88 


Watson. 


669 


16 


26 


+16 30 


90 


94 


Watson. 
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PUBLICATIONS OF 



Table I — COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


670 


h. m. 
16 30 


o ; 

+ 16 30 


88 


92 


Watson, 


671 


19 2 


22 30 


164 


177 


P. Ms. 


672 


19 2 


—25 30 


174 


193 


P. Ms. 


673 


• 

19 6 


22 30 


162 


174 


P. Ms. 


674 


19 6 


-^25 30 


169 


188 


P, Ms. 


675 


19 10 


—22 30 


173 


186 


P. Ms. 


676 


19 10 


—25 30 


169 


188 


P. Ms. 


677 


19 14 


—22 30 


211 


228 


P. Ms. 


678 


19 14 


—25 30 


186 


207 


P. Ms. 


679 


19 18 


—22 80 


210 


227 


P. Ms. 


680 


' 19 18 


—25 30 


212 


235 


P. Ms. 


681 


20 2 


— 5 90 


108 


108 


P. Ms. 


682 


20 6 


— 6 30 


106 


106 


P. Ms. 


683 


20 10 


— 5 30 


151 


151 


P. Ms. 


684 


20 14 


— 5 30 


158 


158 


P. M». 


685 


20 18 


— 5 30 


139 


139 


P. Ms. 


686 


20 22 


— 5 30 


122 


122 


P. Ms. 


687 


20 26 


— 5 30 


99 


99 


P. Ms. 


688 


20 30 


— 5 30 


82 


82 


P. Ms. 


689 


20 34 


— 5 30 


92 


92 


P.Ms. 


690 


20 38 


5 30 


90 


90 


P.Ms. 


691 


20 42 


— 5 30 


79 


79 


P. Ms, 


692 


20 46 


5 30 


86 


L86 


P. Ms. 


693 


20 50 


— 5 30 


74 


74 


P. Ms. 


694 


20 54 


— 5 30 


66 


66 


P. Ms, 


695 


20 58 


5 30 


86 


86 


P. Ms, 


696 


21 2 


—20 30 


65 


69 


P. Ms, 


697 


21 2 


21 30 


85 


91 


P. Ms. 
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Table I — COUNTS OF STARS— Continued. 



Na 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 6 


Authority. 


698 


h. m. 
21 2 


O 1 

—23 30 


90 


97 


P. Ms. 


699 


21 2 


—23 30 


81 


88 


P. Ms. 


700 


21 2 


—24 30 


70 


77 


P. Ms. 


701 


21 2 


—25 30 


96 


106 


Watson. 


702 


21 6 


—20 30 


80 


86 


P. Ms. 


703 


21 6 


—21 30 


74 


79 


P. Ms. 


704 


21 6 


—22 30 


85 


92 


P. Ms. 


705^ 


21 6 


^ —23 30 


62 


67 


P. Ms. 


706 


21 6 


—24 30 


65 


72 


P. Ms.. 


707 


21 10 


—20 30 


85 


91 


P. Ms. 


708 


21 10 


21 30 


85 


91 


P. Ms. 


709 


21 10 


—22 80 


110 


119 


P. Ms. 


710 


21 10 


—23 30 


89 


97 


P. Ms. 


711 


21 10 


—24 30 


66 


73 


P. Ms. 


712 


21 14 


—20 30 


79 


84 


P. Ms. 


713 


21 14 


—21 30 


68 


73 


P. Ms. 


714 


21 14 


-22 30 


89 


96 


P. Ms. 


715 


21 14 


—23 30 


87 . 


95 


P. Ms. 


716 


21 14 


—24 30 


48 


53 


P. Mr. 


717 


21 18 


—20 30 


66 


71 


P. Ms. 


718 


21 18 


—21 30 


82 


88 


P. Ms, 


719 


21 18 


—22 30 


67 


72 


P. Ms. 


720 


21 18 


—23 30 


50 


55 


P. Ms. 


721 


21 18 


—24 30 


53 


58 


P.Ms. 


722 


21 22 


—11 30 


80 


82 


P. Ms. 


723 


21 22 


—12 30 


95 


97 


P. Mr. 


724 


21 22 


13 30 


85 


87 


P. Ms. 


725 


21 22 


14 30 


88 


91 


P. Ms. 
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PUBLICATIONS OF 



Table I.— COUNTS OF ST ARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. SfArs 
Sec. 8 


Authority. 


726 


h. m. 
21 22 


o / 

15 30 


82 


85 


P.Ms. 


727 


21 22 


—16 30 


73 


76 


P.Ms. 


728 


21 22 


17 30 


145 


152 


P.Ms. 


729 


21 22 


18 30 


84 


88 


P. Ms. 


730 


21 22 


19 30 


73 


77 


P.Ms. 


731 


21 26 


10 30 


96 


98 


P.Ms. 


732 


21 26 


11 30 


97 


99 


P. Ms. 


733 


21 26 


12 30 


90 


92 


P. Ms. 


734 


21 26 


13 30 


107 


110 


P. ]tf8. 


735 


21 26 


14 30 


106 


109 


P.Ms. 


736 


21 26 


15 30 


78 


81 


P. Ms. 


737 


21 26 


16 30 


68 


71 


P.Ms. 


738 


21 26 


17 30 


88 


92 


P.Ms. 


739 


21 26 


18 30 


88 


92 


P.Ms. 


740 


21 26 


19 30 


89 


94 


P. Ms. 


741 


21 30 


10 30 


94 


96 


P.Ms. 


742 


21 30 


—11 30 


94 


96 


P.Ms. 


743 


21 30 


—12 30 


98 


100 


P. Ms. 


744 


21 30 


13 30 


89 


92 


P.Ms. 


745 


21 30 


14 30 


106 


109 


P.Ms. 


746 


21 30 


15 30 


73 


76 


P. Ms. 


747 


21 30 


16 30 


64 


66 


P.Ms. 


748 


21 30 


17 30 


83 


87 


P. Ms. 


749 


21 30 


18 30 


79 


83 


P.Ms. 


750 


21 30 


19 30 


80 


85 


P.Ms. 


751 


21 34 


10 30 


98 


100 


P.Ms. 


752 


21 34 


11 30 


107 


109 


P. Ms. 


753 


21 34 


—12 30 


92 


94 


P.Ms. 
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Table I— COUNTS OF STARS — Continued 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars. 
Sec. ^ 


Authority. 


754 


h. m. 
21 34 


o / 

—13 30 


94 


97 


P.Ms. 


755 


21 34 


—14 30 


95 


98 


P.Ms. 


756 


21 34 


—15 30 


71 


74 


P.Ms. 


757 


21 34 


16 30 


90 


94 


P.Ms. 


758 


21 34 


—17 30 


78 


82 


P.Ms. 


759 


21 34 


—18 30 


73 


77 


P.Ms. 


760 


21 34 


—19 30 


85 


90 


P. Ms. 


761 


21 38 


—10 30 


90 


92 


P.Ms. 


762 


21 38 


—11 30 


84 


86 


P. Ms. 


763 

• 


21 38 


—12 30 


77 


79 


P. Ms. 


764 


21 38 


—13 30 


108 


111 


P.Ms. 


765 


21 38 


—14 30 


84 


86 


P. Ms. 


766 


21. 38 


—15 30 


69 


72 


P.Ms. 


767 


21 38 


—16 30 


80 


83 


P.Ms. 


768 


21 38 


—17 30 


80 


! .84 


P.Ms. 


769 


21 38 


—18 30 


77 


81 


P. Ms. 


770 


21 38 


—19 30 


79 


84 


P.Ms. 


771 


21 42 


—10 30 


91 


93 


P.Ms. 


772 


21 42 


—11 30 


80 


82 


P.Ms. 


773 


21 43 


—12 30 


86 


88 


P.Ms. 


774 


21 42 


13 30 


142 


145 


P.Ms. 


775 


21 42 


—14 30 


92 


95 


P. Ms. 


776 


21 42 


15 30 


52 


54 


P.Ms. 


777 


21 42 


—16 30 


41 


43 


P. Ms. 


778 


21 46 


—10 30 


87 


89 


P. Ms. 


779 


21 46 


—11 80 


82 


84 


P. Ms. 


780 


21 46 


12 30 


86 


88 


P.Ms. 


781 


21 46 


—18 30 


86 


88 


P. Ms. 
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PUBLICATIONS OF 



Table L— COUNTS OF STARS — Continued 



No. 


R A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 5 


Authority. 

1 


782 


h. m. 
21 46 


o r 

—14 30 


87 


90 


P. Ms. 


783 


21 46 


—15 30 


56 


58 


P. Ms, 


784 


21 50 


—10 30 


88 


90 


P. Ms. 


785 


31 50 


—11 30 


106 


108 


P, Ms. 


786 


21 50 


—12 30 


93 


95 


P. Ms, 


787 


21 50 


—13 30 


83 


85 


P. Ms. 


788 


21 50 


—14 30 


83 


84 


P. Ma, 


789 


21 50 


—15 30 


61 


63 


P. Ms. 


790 


21 54 


—10 30 


99 


101 


P. Ms. 


791 


21 54 


—11 30 


100 


102 


P. Ms, 

• 


793 


21 54 


—12 30 


105 


107 


P. Ms, 


793 


21 54 


—13 30 


78 ; 


SO • 

1 


P, Ms, 


794 


21 54 


—14 30 


88 


85 


P.Ms, 


795 


21 54 


—15 30 


58 


60 


P. Ms, 


796 


21 58 


—10 30 


83 


85 

1 


P, Ms, 


797 


21 58 


—11 30 


114 


116 


P. Ms, 


798f 


21 58 


--12 30 


91 


93 


P, Ms, 


799 


21 58 


—13 30 


92 


95 


P, Ms, 


800 


21 58 


—14 30 


79 


81 


P, Ms, 


801 


21 58 


—15 30 


57 


59 ' 

1 


P. Ms. 


802 


22 2 


— 5 30 


84 


84 ! 


P. Ms, 


803 


22 2 


— 6 30 


70 


70 ! 


P. Ms, 


'804 


22 2 


— 7 30 


48 


^ i 


P. Ms. 


805 


22 2 


— 8 30 


69 


70 


P. Ms. 


806 


22 2 


— 9 30 


77 

■ 


78 


P. Ms, 


807 


22 2 


10 30 


83 


85 


P. Ms. 


808 


22 2 


—11 30 


70 ' 


71 


P. Ms. 


'809 


22 2 


12 30 


86 


88 


P, Ms, ^ 
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Table I — COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. (5 


Authority. 


810 


h. m. 
22 2 


o / 

13 30 


82 


84 


P. Mr. 


811 


22 2 


14 30 


97 


100 


P. Ms. 


812 


22 6 


— 5 30 


94 


94 


P. Ms. 


813 


22 6 


— 6 30 


98 


98 


P. Ms. 


814 


22 6 


— 7 30 


57 


57 


P. Ms. 


815 


22 6 


8 30 


79 


80 


P. Ms. 


816 


22 6 


9 30 


91 


92 

V 


P. Ms, 


817 


22 6 


10 30 


74 


75 


P. Ms. 


818 


22 6 


—11 30 


60 


61 


P. Ms. 


819 


22 6 


12 30 


82 


84 


P. Ms. 


820 


22 6 


13 30 


89 


92 


P. Ms. 


821 


22 6 


-14 30 


73 


75 


P. Ms. 


822 


•22 10 


5 30 


68 


68 


P. Ms. 


823 


22 10 


6 30 


84 


84 


P. Ms. 


824 


22 10 


7 30 


68 


69 


P. Ms. 


825 


22 10 


8 30 


69 


70 


P. Ms. 


826 


22 10 


- 9 30 


80 


81 


P. Ms. 


827 


22 10 


-10 30 


65 


66 


P. Ms. 


828 


22 10 


-11 30 


' 81 


83 


P. Ms. 


829 


22 10 


12 30 


90 


92 


P. Ms. 


830 


22 10 


-13 30 


91 


94 


P. Ms. 


831 


22 10 


14 30 


87 


90 


P. Ms. 


832 


22 14 


- 5 30 


64 


64 

• 


P. Ms. 


833 


22 14 


- 6 30 


67 


67 


P. Ms. 


834 


22 14 


7 30 


63 


64 


P. Ms. 


835 


22 14 


— 8 30 


67 


68 

• 


P. Ms. 


836 


22 14 


— 9 30 


76 


77 


P. Ms. 


837 


22 14 


—10 30 


55 


56 


P. Ms. 
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PUBLICATIONS OF 





Table I 


COUNTS OF STARS 


Continued. 

-• 




No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


838 


h. in 
22 14 


o / 

—11 30 


07 


68 


P.Ms. 


839 


22 14 


12 30 


75 


76 


P.Ms. 


840 


22 14 


13 30 


92 


95 


P. Ms. 


841 


22 14 


—14 30 


80 


82 


P.Ms. 


842 


22 18 


' 5 30 


85 


85 


P.Ms. 


843 


22 18 


— 6 30 


74 


74 


P.Ms. 


844 


22 18 


— 7 30 


84 


85 


P. Ms. 


845 


22 18 


— 8 30 


76 


77 


P. Ms. 


846 


22 18 


9 30 


68 


69 


P.Ms. 


847 


22 18 


—10 30 


65 


66 


P.Ms. 


848 


22 18 


11 30 


60 


61 


P.Ms. 


849 


22 18 


—12 30 


67 


68 


P.Ms. 


850 


•22 18 


13 30 


84 


86 


' P. Ms. 


851 


22 18 


14 30 


76 


78 


P.Ms. 


852 


22 22 


5 30 


78 


78 


P.Ms. 


853 


22 22 


8 30 


80 


80 


P.Ms. 


854 


22 22 


7 30 


70 


71 


P.Ms. 


855 


22 22 


— 8 30 


69 


70 


P.Ms. 


856 


22 22 


9 30 


50 


51 


P.Ms. 


857 


22 26 


5 30 


62 


62 


P.Ms. 


858 


22 26 


6 30 


75 


75 


P.Ms. 


859 


22- 26 


- 7 30 80 

1 . / 


81 


P.Ms. 


860 


22 26 


8 30 59 


60 


P.Ms. 


861 


22 26 


9 30 


70 


71 


P.Ms. 


862 


22 30 


5 30 


51 


51 


P. Ms. 


863 


22 3C • 


— 6 30 


82 


82 


P.Mr. 


864 


22 30 


— 7 30 


62 


63 


P.Ms. 


865 


22 30 


- 8 30 


66 


67 


P.Ms. 



THE WASHBURN OBSERVATORY. 



209 



Table I — COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. i860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


866 


h. m 
22 30 


o / 

— 9 30 


40 


40 


P.Ms. 


867 


22 34 


— 5 30 


67 


67 


P. Ma 


868 


22 34 


6 30 


73 


73 


P.Ms. 


869 


22 34 


— 7 30 


70 


71 


P. Ms. 


870 


22 34 


— 8 30 


64 


65 


P.Ms. 


871 


22 34 


9 30 


54 


55 


P.Ms. 


872 


22 38 


— 5 30 


48 


48 


P.Ms. 


873 


22 38 


6 30 


50 


50 


P.Ms. 


874 


22 38 


— 7 30 


68 


69 


P.Ms. 


875 


22 38 


8 30 


64 


65 


P.Ms. 

1 


876 


22 38 


9 30 


60 


61 


r 

P.Ms. 


877 


22 42 


5 30 


54 ' 


54 


P.Ms. 


878 


22 42 


6 30 


47 


47 


P.Ms. 


879 


22 42 


— 7 30 


62 


63 


P. Ma 


880 


22 42 


— 8 30 


59 


60 


P. Ma 


881 


22 42 


9 30 


6o 


66 


P. Ms. 


882 


22 46 


5 30 


61 


61 


P. Ma 


883 


22 46 


- 6 30 


52 


52 


P. Ma 


884 


22 46 


7 30 


61 


62 


P. Ma 


885 


22 46 


— 8 30 


55 


56 


P. Ma 


886 


22 46 


9 30 


6C 


61 


P. Ma 


887 


22 50 


- 5 30 


52 


52 


P. Ma 


888 


22 50 


— 6 30 


47 


47 


P. Ma 


889 


22 50 


— 7 30 


72 


73 


P. Ma 


890 


22 50 


— 8 30 


78 


79 


P. Ma 


891 


22 5C 


— 9 30 


66 


87 


P. Ma 


892 


22 54 


— 5 30 


46 


46 


P. Ma 


893 


22 54 


— 6 30 


61 


61 


P. Ma 
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PUBLICATIONS OF 



Table I — COUNTS OF STARS— Continued. 



Na 


R. A . 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. 6 


Authority. 


894 


h. m. 
22 54 


/ 
— 7 30 


63 


64 


P.Ms. 


895 


22 54 


8 30 


64 


65 


P. Ms. 


896 


22 54 


— 9 80 


72 


78 


P. Ms. 


897 


22 58 


— 5 30 


50 


50 


P.Ms. 


898 


'22 58 


— 6 30 


60 


60 


P. Ms. 


899 


23 58 


7 30 


52 


52 


P. Ms. 


900 


22 58 


- 8 80 


60 


61 


P. Ms. 


901 


22 58 


9 30 


63 


64 


P. Ms. 


902 


23 2 


+ 1 30 


71 


71 


P. Ms. 


903 


23 2 


+ 30 


86 


86 


P.Ms. 


904 


23 2 


— 30 


66 


66 


Watson. 


905 


23 2 


— 1 30 


71 


71 


Watsok. 


906 


23 2 


— 6 80 


70 


70 


C. 


907 


23 6 


■f 1 30 


93 


93 


P.Ms. 


908 


23 6 


+ 30 


79 


79 


P.Ms. 


909 


23 6 


30 


64 


64 


Watson. 


910 


23 6 


— 1 SO 


76 


76 


Watson. 


911 


23 6 


— 5 30 


53 


53 


C. 


912 


23 6 


6 80 


55 


55 


C. 


913 


23 10 


+ 1 80 


82 


82 


P. Ms. 


914 


23 10 


+ 80 


85 


85 


P. Ms. 


915 


23 10 


— 4 30 


67 


67 


C. 


916 


23 10 


- 5 30 


53 


53 


C. 


917 


23 14 


+ 30 


67 


67 


P. Ms. 


918 


23 14 


— 4 30 


65 


65 


C. 


919 


23 14 


— 5 30 


55 


55 


C. 


920 


23 14 


8 30 


56 


57 


Watson. 


921 


23 14 


-10 30 


61 


62 


Watson. 
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Table I— COUNTS OF STARS— Continued. 



No. 


R. A . 1860. 


Dec. 1860. 


No. Stars. 


No. Staxs. 
Sec. 5 


Authority. 


922 


Ji. m. 
23 18 


/ 

+ 30 


59 


59 


P.Ms. 


923 


23 18 


— 4 30 


42 


42 


C. 


924 


23 18 


5 80 


41 


41 


C. 


925 


23 18 


— 8 30 


68 


69 


Watson, 


926 


23 18 


— 9 30 


51 


52 


Watson. 


927 


23 18 


—10 30 


60 


61 


Watson. 


928 


23 22 


+ 1 30 


62 


62 


P.Ms. 


929 


23 22 


+ 30 


68 


68 


P.Ms. 


930 


23 22 


— 1 30 


52 


52 


C. 


931 


23 22 


— 2 30 


44 


44 


a 


982 


23 22 


— 3 30 


52 


52 


C. 


933 


23 22 


— 4 30 


51 


51 


C. 


934 


23 26 


+ 1 30 


66 


66 


P.Ms. 


935 


23 26. 


4- 30 


40 


40 


P.Ms. 


936 


23 26 


— 1 30 


38 


38 


C. 


937 


23 26 


— 2 30 


46 


46 


C. 


938 


23 26 


— 3 30 


59 


59 


C. 


989 


23 26 


— 4 30 


52 


52 


C. 


940 


23 30 


H- 1 30 


72 


72 


P.Ms. 


941 


23 80 


+ 30 


52 


52 


P.Ms. 


942 


23 30 


— 1 30 


48 


48 


C. 


943 


23 30 


2 30 


48 


48 


C. 


944 


23 30 


3 30 


54 


54 


C. 


945 


23 30 


4 30 


61 


61 


c. 


946 


23 34 


+ 1 80 


68 


68 


p. M& 


947 


23 34 


+ 80 


42 


42 


P.Ms. 


948 


28 34 


1 30 


47 


47 


c. 


949 


23 34 


— 2 80 


56 


56 


C. 
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Table I— COUNTS OF STABS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stars. 


No. Stars 
Sec. d 


Authority. 


950 


h. m. 
23 34 


O 1 

3 30 


71 


71 


C. 


951 


23 34 


4 30 


56 


56 


C. 


^52 


23 38 


+ 1 30 


74 


74 


P. Ms. 


553 


23 38 


+ 30 


50 


50 


P. Ms. 


954 


23 38 


— 1 30 


^3 


33 


C. 


955 


23 38 


2 30 


49 


49 


C. 


i956 


23 38 


3 30 


50 


50 


C. 


957 


23 38 


— 4 30 


50 


50 


C. 


•958 


23 42 


+ 30 


42 


42 


C. 


959 


23 42 


— 30 


58 


58 


C. 


960 


23 42 


— 1 30 


57 


57 


C. 


961 


23 42 


— 2 30 


50 


50 


C. 


962 


23 46 


+ 30 


63 


63 


C. 


963 


23 46 


30 


74 


74 . 


C. 


964 


23 46 


1 30 


42 


42 


C. 


965 


23 46 


— 2 30 


76 


76 


C. 


966 


23 50 


+ 7 30 


45 


45 


Watson. 


967 


23 50 


+ 6 30 


49 


49 


Watson. 


968 


23 50 


+ 30 


73 


73 


C. 


969 


23 50 


30 


65 


65 


C. 


970 


23 50 


— 1 30 


76 


76 


C. 


971 


23 50 


— 2 30 


79 


79 


c. 


972 


23 54 


+ 7 30 


62 


63 


Watson. 


973 


23 54 


+ 6 30 


62 


62 


Watson. 


974 


23 54 


+ 30 


69 


69 


C. 


975 


23 54 


30 


76 


76 


C. 


976 


23 54 


— 1 39 


57 


57 


C. 


^977 


23 54 


— 2 30 


57 


57 


C. 
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Table I — COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


No. Stara 


No. Stars 
Sec. d 


Authority . 


978 


h. m. 

23 58 


o ; 

+ 7 30 


53 


53 


Watson. 


979 


23 58 


+ 6 30 


61 


61 


Watsok. 


980 


23 58 


+ 30 


65 


65 


C. 


981 


23 58 


30 


62 


62 


C. 


982 


23 58 


- 1 30 


62 


52 


C. 


983 


23 58 


2 30 


48 


48 


C. 
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PUBLICATIONS OF 



TABLE II.— COUNTS OF STARS FROM THE PUBLISHED CHARTS 

OF DR. C. H. F. PETERS. NOS. 1-20. 



No. 


R. A. 1860. 


Dec. 1860. 


i 
1 




No. 


R A. 1860. 


Dec. 1860. 


1 


1 
^6 










6 
86 


88 


26 








m 

O 
JZi 

76 


25 


1 


h. m. 
1 2 




+ 14 


1, 
30 


h. m. 

1 10 


o 

+ 4 


30 


76 


2 


1 2 


+ 13 


30 


88 


90 


27 

• 


1 10 


+ 3 


30 


84 


84 


3 


1 2 


+12 


30 


74 


76 


28 


1 10 


+ 2 


30 


83 


^83 


4 


1 2 


+ 11 


30 


84 


86 


29 


1 10 


+ 1 


30 


78 


78 


5 


1 2 


+ 10 


30 


83 


85 


30 


1 10 


+ 


30 


72 


.72 


6 


1 2 


+ 4 


30 


85 


85 


31 


1 14 


+14 


30 


97 


100 


7 


1 2 


+ 3 


30 


79 


79 


32 


1 14 


+ 13 


30 


99 


102 


8 


1 2 


+- 2 


30 


77 


77 


33 


1 14 


+ 12 


30 


78 


79 


9 


1 2 


+ 1 


30 


75 


75 


34 


1 14 


+ 11 


30 


88 


90 


10 


1 2 


+ 


30 


91 


91 


35 


1 14 


+ 10 


30 


82 


83 


11 


1 6 


4-14 


30 


93 


96 


36 


1 14 


+ 4 


30 


89 


89 


12 


1 6 


+ 13 


30 


98 


101 


37 


1 14 


+ 3 


30 


88 


88 


13 


1- 6 


+ 12 


30 


86 


88 


38 


1 14 


+ 2 


30 


77 


77 


14 


1 6 


+ 11 


30 


76 


78 


39 


1 14 


+ 1 


30 


79 . 


79 


15 


1 6 


+ 10 


30 


88 


90 


40 


1 14 


+ 


30 


61 


61 


16 


1 6 


+ 4 


30 


109 


109 


41 


1 18 


+ 14 


30 


79 


81 


17 


1 6 


+ 3 


30 


86 


86 


42 


1 18 


+13 


30 


93 


96 


18 


1 6 


+ 2 


30 


86 


86 


43 


1 18 


+ 12 


30 


90 


92 


19 


1 6 


+ 1 


30 


75 


75 


44 


1 18 


+ 11 


30 


86 


88 


20 


1 6 


+ 


30 


77 


77 


45 


1 18 


+ 10 


30 


88 


90 


21 


1 10 


+ 14 


30 


83 


85 


46 


1 18 


+ 4 


30 


87 


87 


22 


1 10 


+ 13 


30 


90 


93 


47 


1 18 


+ 3 


30 


89 


89 


23 


1 10 


+ 12 


30 


94 


96 


48 


1 18 


+ 2 


30 


81 


81 


24 


1 10 


+ 11 


30 


76 


77 


49 

1 


1 18 


+ 1 


30 


76 


76 


25 


1 10 


+ 10 


30 


99 


101 


50 


1 18 


+ 


30 


92 


92 
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Table II.— COUNTS OF STARS— Continued. 



No. 


R A.l 


860. 

m. 

3 


Dec. 1860. 


• 

99 


2 

QQ d 

Oca 
105 


No. 

78 


R. A. 1860. 


Dec. 1860. 


S 

QQ 

85 


No. Stars 
Sec. 8 


51 


h. 
3 


o 

+19 


30 


h. 
10 


m. 
3 


o 

+ 13 


30 


87 


53 


3 


3 


+ 18 


30 


119 


135 


79 


10 


3 


+ 11 


30 


78 


80 


53 


3 


3 


+ 17 


30 


101 


106 


80 


10 


3 


+ 10 


30 


68 


69 


54 


3 


3 


+16 


30 


106 


110 


81 


10 


6 


+14 


30 


87 


90 


55 


3 


3 


+ 15 


30 


104 


108 


83 


10 


6 


+ 13 


30 


75 


77 


56 


3 


6 


■ +19 


30 


90 


95 


83 


10 


6 


+ 13 


30 


97 


99 


57 


3 


6 


+ 18 


30 


110 


116 


84 


10 


6 


+A1 


30 


84 


86 


58 


3 


6 


: +17 


30 


117 


133 


85 


10 


6 


+10 


30 


83 


85 


59 


3 


6 


+ 16 


30 


93 


97 


86 


10 


10 


+ 14 


30 


70 


73 


60 


3 


6 


+ 15 


30 


99 


103 


87 


10 


10 


+ 13 


30 


96 


99 


61 


3 


10 


+ 19 


30 


110 


117 


88 


10 


10 


+ 13 


30 


74 


75 


63 


3 


10 


' +18 


30 


133 


139 


89 


10 


10 


+11 


30 


73 


74 


63 


3 


10 


+ 17 


30 


107 


113 


90 


10 


10 


+ 10 


30 


71 


73 


64 


3 


10 


+ 16 


30 


109 


113 


91 


10 


14 


+ 14 


30 


•71 


73 


65 


3 


10 


+ 15 


30 


106 


109 


93 


10 


14 


+ 13 


30 


61 


63 


66 


3 


14 


+19 


30 


105 


HI 


93 


10 


14 


+13 


30 


90 


93 


67 


3 


14 


+ 18 


30 


107 


113 


94 


10 


14 


+ 11 


30 


86 


88 


68 


3 


14 


+17 


30 


104 


109 


95 


10 


14 


+ 10 


30 


64 


65 


69 


3 


14 


+16 


30 


118 


133 


96 


10 


18 


+ 14 


30 


76 


78 


70 


3 


14 


+ 15 


30 


99 


103 


97 


10 


18 


+ 13 


30 


78 


80 


71 


3 


18 


+ 19 


30 


117 


134 


98 


10 


18 


+ 13 


30 


73 


73 


-73 


3 


18 


+ 18 


30 


103 


107 


99 


10 


18 


+ 11 


30 


98 


100 


7a 


8 


18 


+ 17 


30 


113 


118 


100 


10 


18 


+ 10 


30 


80 


83 


74 


3 


18 


+16 


30 


114 


118 


101 


10 


33 


+ 14 


30 


74 


76 


75 


8 


18 


+ 15 


30 


104 


108 


103 


10 


33 


+ 13 


30 


85 


87 


76 


10 


3 


+ 14 


30 


81 


83 


103 


10 


33 


+ 13 


30 


75 


76 


77 


10 


3 


+ 13 


30 


87 


89 


104 


10 


33 


+ 11 


30 


73 


73 
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PUBLICATIONS OF 



Table II— COUNTS OF STARS — Continued. 



No. 



105 
106 
107 
108 
109 
110 
111 
112 
118 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
180 
181 



R. A. 1860. 



h. m. 

10 22 

10 26 

10 26 

10 26 

10 26 

10 26 

10 80 

10 80 

10 80 

10 30 

10 80 

10 84 

10 84 

10 84 

10 84 

10 84 

10 38 

10 88 

10 88 

10 88 

10 88 

10 42 

10 42 

10 42 

10 42 

10 42 

10 46 



Dec. 1860. 



-hlO 80 

+ 14 80 

+ 13 80 

-hl2 80 

+11 30 

+ 10 80 

+ 14 30 

+13 30 

+ 12 30 

+ 11 80 

• +10 30 

+14 80 

+ 18 80 

+-12 30 

+11 30 

+ 10 30 

+ 14 30 

+ 13 30 

+ 12 30 

+ 11 30 

+ 10 80 

+14 80 

+18 80 

+ 12 80 

+ 11 80 

+ 10 80 

+14 30 



-^ 
c 



82 
93 
67 
84 
81 
84 
78 
87 
83 
86 
81 
85 
81 
78 
86 
92 
73 
83 
83 
77 
76 
77 
69 
63 
78 
67 
89 




88 
96 
69 
86 
88 
86 
80 
89 
85 
88 
82 



No. R. A. 1860. 



182 

- i 
183 

I34I 

135 

136 

137 

138i 

188j 

140i 

141 

142 



h. ni« 
46 



87 


143 


83 


144 


80 


145 


88 


146 


94 


147 


75 


148 


85 


149 


85 


150 


78 


151 


77 


152 


79 


158 


71 


154 


64 


155 


74 


156 


68 


157 


91 ! 


158 



46 
46 
46 



50 

50 

50 

50 

50 ! 

I 

54 I 
54 
54 
54 
54 
58 
58 
58 
58 
58 
2 
2 
2 
2 
2 
6 
6 
6 







S 


Dec. 1860. 


1 






• 


Jz; 





1 


+ 13 


80 


63 


+ 12 


80 


84 


+11 


30 


94 


+10 


30 


81 


+14 


30 


70 


+13 


30 


73 


+ 12 


30 


79 


+ 11 


30 


72 


+ 10 


80 


65 


+14 


80 


81 


+ 13 


30 


78 


+ 12 


30 


81 


+11 


80 


75 


+ 10 


30 


73 


+14 


80 


90 


+13 


30 


97 


+ 12 


80 


95 


+ 11 


30 


66 


+10 


80 


78 





30 


67 


— 1 


30 


64 


~ 2 


30 


60 


— 8 


30 


65 


— 4 


80 


74 


— 


80 


78 


~ 1 


80 


86 


- 2 


80 


62 






«iO 






65 
86 
96 
83 
72 
75 
81 
73 
66 
83 
80 
83 
76 
74 
92 
100 
97 
67 
79 
67 
64 
60 
65 
74 
78 
86 
62 
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Table II— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


QQ 




No. 


R. A. 1860. 


Dec. 1860. 


1 


QQ 

02 g 










66 


66 


186 










• 

O 

71 




159 


h. m. 
11 6 


o 

~3 


30 


h. 
11 


m. 
50 


o 

+ 9 


1 
30 


72 


160 


11 6 


—4 


30 


66 


66 


187 


11 


50 


+ 8 


30 


71 


72 


161 


11 10 





30 


64 


64 


188 


11 


50 


+7 


30 


68 


69 


162 


. 11 10 


—1 


30 


76 


76 


189 


11 


50 


+« 


30 


75 


75 


163 


11 10 


2 


30 


78 


78 


190 


11 


50 


+ 5 


30 


81 


81 


164 


11 10 


—3 


30 


76 


76 


191 


11 


54 


+9 


80 


67 


68 


165 


11 10 


—4 


30 


71 


71 


192 


11 


54 


+ 8 


30 


75 


76 


166 


11 14 


—0 


30 


60 


60 


193 


11 


54 


4-7 


30 


85 


86 


167 


11 14 


1 


30 


78 


78 


194 


11 


54 


+6 


30 


84 


84 


168 


11 14 


—2 


80 


73 


73 


195 


11 


54 


+ 5 


30 


67 


67 


169 


11 14 


3 


30 


75 


75 


196 


11 


58 


+9 


30 


67 


68 


170 


11 14 


—4 


30 


81 


81 


197 


11 


58 


+ 8 


30 


66 


6T 


171 


11 18 


—0 


30 


68 


68 


198 


11 


58 


+ 7 


30 


60 


61 


172 


11 18 


1 


30 


71 


71 


199 


11 


58 


+6 


30 


81 


81 


173 


11 18 


—2 


30 


68 


68 


200 


11 


58 


+5 


30 


76 


76 


174 


11 18 


3 


30 


59 


59 


201 


12 


2 


+ 9 


30 


59 


60 


175 


11 18 


—4 


30 


63 


63 


202 


12 


2 


+ 8 


30 


64 


65 


176 


11 42 


+ 9 


30 


61 


62 


203 


12 


2 


+7 

4 


30 


81 


82 


177 


11 42 


' +8 


30 


79 


80 


204 


12 


2 


+ 6 


30 


60 


60 


178 


11 42 


+ 7 


30 


81 


82 


205 


12 


2 


+ 5 


30 


61 


61 


179 


11 ,42 


+ 6 


80 


91 


92 


206 


12 


2 


—0 


30 


54 


54 


180 


11 42 


4-5 


30 


53 


53 


207 


12 


2 


—1 


30 


75 


75 


181 


11 46 


+ 9 


30 


76 


77 


208 


12 


2 


—2 


80 


63 


63 


182 


11 46 


+ 8 


30 


77 


78 


209 


12 


2 


—3 


80 


55 


55 


188 


11 46 


+7 


30 


65 


66 


210 


12 


2 


—4 


80 


61 


61 


184 


11 46 


+6 


80 


74 


74 


211 


12 


6 


+9 


80 


58 


59 


185 


11 46 


+5 


30 


81 


81 


212 


12 


6 


+8 


80 


66 


6T 
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PUBLICATIONS OF 



Table IL— COUNTS OF STARS — Continued. 



No. 


RA. ] 


L860. 


Dec 1860. 


• 

O 

;z; 

75 


§ 
^ 6 

;z5 

76 


No. 

240 


R A. 1860. 


Dec. 1860. 


e 

1 

d 

;z; 

56 


No. StArs 
Sec. S, 


213 


h. 
12 


m. 
6 


o 

+ 7 


3C 


h. 
12 


m. 

14 


o 

4 


30 


56 


214 


12 


6 


+ 6 


30 


87 


88 


241 


12 


18 


+ 9 


30 


66. 


67 


215 


12 


6 


+ 5 


30 


67 


67 


242 


12 


18 


+ 8 


30 


68 


69 


216 


12 


6 


— 


30 


84 


84 


243 


12 


18 


+ 7 


30 


70» 


71 


217 


12 


6 


— 1 


30 


59 


59 


244 


12 


18 


+ 6 


30 


75 


75 


218 


12 


6 


2 


30 


69 


69 


245 


12 


18 


+ 5 


30 


68 


68 


219 


12 


6 


- 3 


30 


53 


53 


246 


12 


18 





30 


76 


76 


220 


12 


6 


- 4 


30 


58 


58 


247 


12 


18 


1 


30 


67 


67 


221 


12 


10 


+ 9 


3C 


65 


66 


248 


12 


18 


— 2 


30 


71 


71 


222 


12 


10 


+ 8 


30 


69 


70 


249 


12 


18 


3 


30 


77 


77 


223 


12 


10 


+ 7 


30 


73 


74 


250 


12 


18 


- 4 


30 


80 


80 


224 


12 


10 


+ 6 


30 


69 


69 


251 


12 


22 


— 


30 


72 


72 


225 


12 


10 


+ 5 


30 


77 


77 


252 


12 


22 


— 1 


30 


79 


79 


226 


12 


10 


— 


30 


74 


74 


253 


12 


22 


— 2 


30 


64 


64 


227 


12 


10 


— 1 


30 


70 


70 


254 


12 


22 


- 3 


30 


80 


80 


228 


12 


10 


— 2 


30 


67 


67 


255 


12 


22 


— 4 


30 


67 


67 


229 


12 


10 


3 


30 


58 


58 


256 


12 


26 





30 


72 


72 


230 


12 


10 


— 4 


30 


76 


76 


257 


12 


26 


— 1 


30 


70 


70 


231 


12 


14 


+ 9 


30 


55 


56 


258 


12 


26 


— 2 


30 


54 


54 


232 


12 


14 


+ 8 


30 


86 


87 


259 


12 


26 


- 3 


30 


63 


63 


233 


12 


14 


+ 7 


30 


76 


77 


260 


12 


26 


— 4 


30 


60 


60 


234 


12 


14 


+ 6 


30 


74 


74 


261 


12 


30 


• 
— 


30 


61 


61 


236 


12 


14 


+ 5 


30 


66 


66 


262 


12 


30 


— 1 


30 


79 


79 


236 


12 


14 


— 


30 


63 


63 


263 


12 


30 


— 2 


30 


100 


100 


237 


12 


14 


- 1 


30 


79 


79 


264 


12 


30 


— 3 


30 


55 


55 


238 


12 


14 


— 2 


30 


83 


83 


265 


12 


30 


— 4 


30 


73 


73 


239 


12 


14 


— 3 


30 


79 


79 


266 


12 


34 





30 


56 


56 
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Table II.— COUNTS OF STARS — Continued. 



No. 



287 
268 
269 
270 
271 



R A. 1860. 



Dec. 1860. 



hr tn. 

12 34 

12 34 

12 34 

12 34 

12 38 






272 


12 


88 


273 


12 


38 


274 


12 


38 


275 


12 


38 


276 


14 


2 


277 


14 


2 


278 


14 


2 


279 


14 


2 


280 


14 


2 


281 


14 


6 


282 


14 


6 


288 


14 


6 


284 


14 


6 


285 


14 


6 


&86 


14 


10 


287 


14 


10 


288 


14 


10 


289 


14 


10 


290 


14 


10 


291 


14 


14 


292 


14 


14 


298 


14 


14 



— 1 30 

— 2 30 

— 3 30 
-4 30 

— 30 

— 1 30 

— 2 30 

— 3 30 

— 4 30 
—10 30 
—11 30 
—12 30 
—13 30 
—14 30 
—10 30 
—11 30 
—12 30 
—13 30 
—14 30 
—10 30 
—11 30 
—12 30 
—18 30 
-14 80 
—10 30 
—11 30 
—12 30 



1 

d 


No. Stars 
Sec. d 


76 


76 


64 


64 


68 


68 


77 


77 


73 


73 


65 


65 


74 


74 


70 


70 


70 


70 


101 


103 


92 


91 


106 


108 


78 


80 


102 


105 


108 


105 


86 


88 


97 


99 


90 


92 



101 
77 

101 
79 

104 
84 
80 
75 
78 



104 
79 

103 
81 

107 
86 
82 
77 
80 



No. 



294 
295 
296 
297 
298 
299 
bOO 



301 
302 
803 
804 
805 
306 
307 
308 
309 
310 
311 
812 
813 
314 
315 
816 
317 
318 
819 
820 



R. A. 1860. 



h. m. 

14 14 

14 14 

14 18 

14 18 

14 18 

14 18 

14 18 



21 
21 



2 
2 



Dec. 1860. 



21 2 

21 2 

21 2 

21 6 

21 6 

21 6 

21 6 

21 6 

21 10 

21 10 

il 10 

21 10 

21 10 

21 14 

21 14 

21 14 

21 14 

21 14 



—13 30 

—14 30 

—10 30 

—11 80 

—12 30 

—13 30 

—14 30 

—20 30 

-21 30 

—22 80 

-28 80 

—24 80 

-20 30 

—21 30 

—22 30 

—23 30 

-24 30 

—20 80 

—21 80 

—22 80 

—23 80 

—24 80 

—26 80 

—21 80 

—22 80 



—23 30 102 



e 
s 

QQ 

O 

55 



76 

86 

79 

92 

99 

106 

109 

89 

109 

105 

87 

74 

100 

93 

93 

90 

82 

95 



g 

QQ o 
OOQ 



78 

88 

81 

94 

101 

109 

112 

95 

117 

118 

95 

81 

107 

99 

100 

98 

90 

102 



94 100 



108 
96 
99 
89 
88 
94 



24 30 



96 



115 
104 
109 
96 
89 
101 
111 
106 
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PUBLICATIONS OF 



Table II — COUNTS OF STARS — Continued. 



No. 


R. A. 


1860 


Dec. 1860. 


i 

GQ 


Stars 


No. 


R.A. ; 


1860. 


Dec. 1860. 


C/3 


CO 

GO Q 












79 


85 


348 










1 

99 


0(8 


321 


h. 
21 


m. 

18 


o 

—20 


1 
30 


h. 
21 


m. 
30 


t 

—12 


80 


101 


322 


21 


18 


—21 


30 


94 


102 


349 


21 


80 


18 


80 


103 


106 


323 


21 


18 


—22 


80 


78 


84! 


b50 


21 


80 


—14 


30 


105 


108 


324 


21 


18 


—23 


30 


86 


94 


351 


21 


80 


—15 


80 


95 


99 


325 


21 


18 


—24 


30 


91 


100 


352 


21 


80 


—16 


30 


96 


100 


326 


21 


22 


10 


30 


119 


121 


353 


21 


80 


—17 


80 


99 


108 


327 


21 


22 


11 


30 


84 


86 


354 


21 


30 


—18 


80 


90 


95 


328 


21 


22 


—12 


30 


109 


111 


355 


21 


30 


19 


80 


108 


109 


329 


21 


22 


—13 


30 


95 


98 


356 


21 


34 


—10 


30 


98 


100 


330 


21 


22 


14 


30 


100 


103 


357 


21 


34 


—11 


30 


120 


122 


331 


21 


22 


15 


30 


98 


97 


358 


21 


34 


—12 


80 


101 


108 


332 


21 


22 


—16 


30 


96 


100 


359 


21 


34 


—18 


80 


99 


102 


333 


21 


22 


—17 


30 


142 


149 


860 


21 


34 


—14 


80 


106 


109 


334 


21 


22 


—18 


30 


89 


93 


261 


21 


84 


—15 


80 


98 


97 


335 


21 


22 


—19 


80 


83 


88 


862 


21 


34 


16 


30 


116 


130 


336 


21 


26 


—10 


80 


100 


102 


368 


21 


34 


17 


30 


98 


108 


337 


21 


26 


—11 


30 


108 


110 


364 


21 


84 


—18 


80 


109 


114 


838 


21 


26 


—12 


80 


114 


116 


865 


21 


84 


—19 


80 


106 


112 


339 


21 


26 


—18 


80 


112 


115 


866 


21 


88 


. 10 


80 


105 


107 


340 


21 


26 


—14 


80 


116 


119 


867 


21 


88 


—11 


80 


109 


111 


341 


21 


26 


—16* 


80 


101 


105 


868 


21 


88 


—12 


80 


104 


106 


342 


21 


26 


—16 


80 


101 


106 


889 


21 


88 


—18 


80 


118 


121 


343 


21 


26 


—17 


80 


97 


102 


370 


21 


88 


—14 


80 


91 


94 


344 


21 


26 


—18 


80 


110 


116 


371 


21 


88 


—15 


80 


97 


101 


345 


21 


26 


—19 


80 


118 


128 


872 


21 


88 


'—16 


80 


108 


112 


346 


21 


80 


—10 


80 


107 


109 


378 


21 


88 


—17 


80 


108 


108 


847 


21 


80 


—11 


80 


108 


105 


874 


21 


8S 


—18 


80 


107 


112 



?• 
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TABLE II — COUNTS OF STARS — ountinued. 



No. 


R. A. ] 


1860. 


Dec. 1860. 


• 

1 

• 


ZJ d 

d02 




h. 


m. 


o 


/ 


375 


21 


38 


19 


30 


93 


93 


375 


21 


42 


-10 


30 


100 


102 


377 


21 


42 


11 


30 


82 


84 


378 


21 


42 


—12 


30 


92 


94 


379 


21 


42 


—13 


30 


132 


135 


380 


21 


42 


14 


30 


96 


99 


381 


21 


42 


15 


30 


80 


83 


382 


21 


42 


16 


30 


95 


99 


383 


21 


42 


17 


30 


92 


97 


384 


21 


42 


18 


30 


114 


120 


885 


21 


42 


—19 


30 


98 


104 


386 


21 


46 


10 


30 


101 


103 


387 


21 


46 


—11 


30 


90 


92 


388 


21 


46 


—12 


30 


91 


93 


389 


21 


46 


13 


30 


107 


110 


390 


21 


46 


—14 


30 


89 


92 


391 


21 


46 


15 


30 


88 


91 


392 


21 


46 


16 


30 


99 


103 


393 


21 


46 


—17 


3D 


100 


105 


394 


21 


46 


18 


30 


95 


100 


395 


21 


46 


19 


30 


89 


94 


396 


21 


50 


10 


30 


108 


110 


397 


21 


50 


11 


30 


114 


116 


398 


21 


50 


—12 


30 


95 


97 


399 


21 


50 


—13 


30 


93 


95 


400 


21 


50 


—14 


80 


83 


85 


401 


21 


50 


—15 


80 


90 


94 




402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 



R. A. 1860. 



415 



417 
418 
419 
420 
421 
422 
428 
424 
425 
426 
427 
428 



h. m. 

21 50 

21 50 

21 50 

21 50 

21 54 

21 54 

21 54 

21 54 

21 54 

21 54 

21 54 

21 54 



414 21 54 



21 54 



416 21 58 



21 58 

21 58 

21 58 

21 58 

21 58 

11 58 

21 58 

21 58 

21 58 

22 2 
22 2 
22 2 



Dec. 1860. 


1 
86 


CD 

z, 


o 

—16 


30 


89 


—17 


30 


79 


83 


18 


30 


98 


lO'^ 


—19 


30 


100 


100 


10 


30 


97 


99 


11 


30 


99 


101 


—12 


30 


110 


112 


—13 


30 


93 


96 


14 


30 


102 


105 


—15 


30 


93 


97 


—16 


30 


99 


108 


—17 


30 


95 


100 


—18 


30 


106 


111 


—19 


30 


98 


104 


—10 


30 


87 


89 


11 


30 


97 


• 99 


—12 


30 


103 


105 


13 


30 


92 


95 


14 


30 


91 


94 


15 


30 


75 


78 


16 


30 


112 


116 


17 


30 


80. 


84 


18 


30 


103 


108 


—19 


30 


97 


103 


5 


80 


86 


86 


6 


30 


81 


81 


— 7 


30 


52 


52 



222 



PUBLICATIONS OF 



Table II -COUNTS OF jSTARS— Continued. 



No. 


R. A. 1860. 


Dec. 1869. 


i 

81 


82 


No. 
456 


R A. 1860. 


Dec. 1860. 


84 




429 


h. 
22 


m. 
2 


o 

—8 


80 


h. 
22 


m. 
26 


o 

—5 


80 


84 


480 


22 


2 


—9 


80 


86 


87 


457 


22 


26 


—6 


80 


92 


92 


481 


22 


6 


—5 


80 


96 


96 


458 


22 


26 


—7 


80 


105 


106 


482 


22 


6 


—6 


30 


99 


100 


459 


22 


26 


—8 


80 


90 


91 


488 


22 


6 


7 


80 


80 


81 


460 


22 


26 


—9 


80 


106 


107 


484 


22 


6 


-8 


80 


93 


94 


461 


22 


30 


—5 


30 


79 


79 


435 


22 


6 


—9 


80 


90 


91 


462 


22 


80 


—6 


80 


105 


106 


486 


22 


10 


—5 


80 


67 


67 


463 


22 


30 


7 


30' 


83 


84 


437 


22 


10 


6 


30 


86 


86 


464 


22 


30 


-8 


80 


102 


103 


488 


22 


10 


—7 


30 


77 


78 


465 


22 


30 


—9 


30 


74 


75 


489 


22 


10 


—8 


30 


76 


77 


466 


22 


34 


—5 


80 


111 


111 


440 


22 


10 


9 


30 


84 


85 


467 


22 


34 


—6 


80 


93 


94 


441 


22 


14 


—5 


30 


68 


68 


468 


22 


84 


—7 


80 


82 


83 


442 


22 


14 


—6 


80 


74 


74 


469 


22 


34 


8 


80 


97 


98 


448 


22 


14 


—7 


80 


74 


75 


470 


22 


34 


-9 


30 


101 


102 


444 


• 22 


14 


—8 


80 


79 


80 


471 


22 


38' 


5 


80 


86 


86 


445 


22 


14 


9 


30 


90 


91 


472 


22 


38 


—6 


30 


89 


89 


446 


22 


18 


—5 


30 


94 


94 


473 


22 


88 


—7 


80 


118 


119 


447 


22 


18 


—6 


30 


82 


82 


474 


22 


38 


—8 


30 


103 


104 


448 


22 


18 


—7 


30 


98 


94 


475 


22 


38 


9 


30 


108 


109 


449 


22 


18 


—8 


30 


87 


88 


476 


22 


42 


5 


80 


113 


113 


450 


22 


18 


—9 


30 


86 


87 


477 


%^ 


42 


6 


30 


111 


111 


451 


22 


22 


—5 


80 


108 


108 


478 


22 


42 


—7 


30 


96 


97 


452 


22 


22 


—6 


30 


91 


91 


479 


22 


42 


—8 


80 


89 


90 


458 


22 


22 


—7 


30 


76, 


77 


480 


22 


42 


9 


80 


114 


115 


454 


22 


22 


—8 


30 


105 


106 


481 


22 


46 


—5 


80 


115 


115 


455 


22 


22 


9 


30 


95 


96 


482 


22 


46 


6 


80 


90 


91 
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Table II — COUNTS OF STARS— Continued. 



No. 



483 

484 
485 
486 
487 
488 
489 
490 
491 



R. A. 1860. 



h. m. 

22 46 

22 46 

22 46 

22 50 

22 50 

22 50 

22 50 

22 50 

22 54 



Dec. 1860. 



— 7 30 

— 8 30 

— 9 30 

— 5 30 

— 6 30 

— 7 30 

— 8 30 

— 9 30 

— r 80 






87 
82 
91 
83 
82 
113 
96 
93 
74 



No Stars 
Sec «^ 


No. 


88 


492 


83 


493 


92 


494 


83 


495 


82 


496 


114 


497 


97 


498 


94 


499 


1 


500| 



R. A. 1860. 



b. m. 

22 54 

22 54 

22 54 

22 54 

22 58 

22 58 

22 58 

22 58 

22 58 







i 


Dec. 1860. 


QQ 






1, 





/ 


— 6 


30 


93 


— 7 


30 


95 


— 8 


30 


96 


— 9 


30 


97 


— 5 


30 


80 


— 6 


30 


78 


— 7 


30 


82 


— 8 


30 


86 


9 


30 


85 



CD 



O 



94 
96 
97 

98 
80 
78 
83 
87 
86 
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PUBLICATIONS OF 



TABLE III - COUNIS OF STARS FROM THE ECJLIPTIC CHARTS 

OF DR. J. PALISA. 



(1 = 6 inch telescope; II — 12 inch telescope.) 



No. 


R. A 


. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. S 
XNo. 


1 


h. 



m. s. 
1 


o t 

H- 8 45 


I 


16 


65 


2 





1 


+ 8 15 


I 


27 


109 


8 





1 


+ 7 45 


I 


19 


77 


4 





3 


H- 8 45 


I 

■ 


27 


109 


5 





3 


4- 8 15 


I 


30 


121 


6 





3 


11 30 


II 


36 


147 


7 





3 


—15 45 


II 


20 


187 


8 





4 


— 8 15 


I 


15 


61 


9 





5 


+ 8 30 


I 


24 


97 


10 





5 


—11 15 


II 


20 


82 


11 





5 


15 30 


II 


15 


62 


12 





6 


— 8 15 


I 


25 


101 


13 





6 0- 


—10 45 


II 


25 


. 102 


14 





7 


—15 15 


II 


20 


83 


15 





8 


— 7 


I 


15 


61 


16 





8 


— 7 45 


I 


20 


81 


17 





8 


— 8 15 


I 

1 


30 


121 


18 





9 


+ 9 15 


I 


21 


85 


19 





9 


—14 45 


II 


27 


111 


20 





10 


— 7 


I 


14 


57 


21 





11 


— 8 


I 


17 


69 


22 





13 


— 7 30 


I 


18 


73 


23 





13 


—14 15 


II 


23 


95 


24 





14 


-f- 9 15 

• 


I 


11 


44 


25 





U 


+ 8 45 


I 


21 


85 
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Table III— COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescoi)e. 


No. Stars. 


4 Sec. (5 
XNo. 


26 


h. m. 
14 


s. 



o » 

+ 8 15 




12 


48: 


27 


14 





+ 7 45 




9 


86 


28 


14 





6 45 




20 


81 


29 


14 





12 45 




23 


9^ 


80 


15 





+ 7 15 




20 


81 


31 


15 





— 7 15 




17 


69 


82 


15 





—14 




26 


105 


88 


16 





+ 9 15 




28 


93 


84 


16 





+ 8 45 




26 


105 


35 


16 





+ 8 15 




13 


53 


86 


16 





+ 7 45 


. I 


12 


48 


87 


17 





—18 80 


II 


15 


61 


88 


18 





+ 8 80 




16 


65 


30 


18 





+ 80 




19 


77 


40 


18 





+ 7 80 




8 


32 


41 


19 





—12 45 


XA 


28 


114 


42 


19 





—18 15 




29 


119 


48 


20 





+ 8 30 




15 


61 


44 


1 82 





+ 6 15 


I&II 


17 


69 


45 


1 88 





+ 4 45 


I&II 


32 


129 


46 


1 84 





+ 6 15 


I&II 


23 


93 


47 


1 84 





+ 5 45 


I&II 


18 


73 


48 


1 85 





+ 5 15 


I&II 


29 


117 


49 


1 36 





.+ 6 15 


I&II 


19 


77 


50 


1 36 





+ 5 45 


i&n 


22 


89 


51 


1 37 





+ 5 15 


I&II 


26 


105 


52 


1 38 





+ 6 15 


I&IT 


18 


73 


58 


1 88 





+ 5 45 • 


I&ll 


26 


105 



15 
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PUBLICATIONS OF 



Table III — COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


J..'6C • 


1860. 


Telescope. 


No. Stars. 


4 Sec. «. 
X No. 


54 


h. m. 8. 
1 40 


o 

+6 


45 


I&II 


21 


85 


55 


1 40 


-h6 


15 


I&II 


17 


69 


56 


1 40 


+5 


45 


I&II 


17 


68 


57 


1 42 


4-6 


45 


I&II 


29 


117 


58 


1 42 


+ 6 


15 


I&II 


39 


157 


59 


1 42 


+ 5 


45 


I&ll 


22 


89 


60 


1 48 


+ 8 


15 


I&II 


17 


69 


61 


1 44 


+ 6 


45 


I&II 


25 


101 


62 


1 44 


+ 6 


15 


I&II 


24 


97 


68 


1 44 


+ 5 


45 


I&II 


25 


101 


64 


1 45 


+ 8 


15 


I&II 


1$ 


78 


65 


1 45 


+ 7 


15 


I&II 


27 


109 


66 


1 46 


+ 6 


45 


I&II 


25 


101 


67 


1 46 


+ 6 


15 


I&II 


14 


56 


68 


1 47 


+8 


15 


I& II 


15 


64 


69 


1 47 


+7 


15 


I&II 


23 


98 


70 


1 48 


+ 6 


45 


I&II 


20 


81 


71 


1 48 


+ 6 


15 


I&II 


22 


89 


72 


1 49 


+7 


15 


I&II 


27 


109 


73 


1 50 


+ 6 


45 


I&II 


12 


48 


74 


1 51 


+ 7 


45 


I&II 


28 


113 


75 


1 51 


+7 


15 


I&II 


15 


60 


76 


1 52 


+ 6 


45 


I&II 


31 


125 


77 


1 52 


—1 





I 


21 


84 


78 


1 53 


+ 8 


15 


I&II 


28 


93 


79 


1 53 


+7 


45 


I&II 


21 


85 


80 


1 53 


+ 7 


15 


I&II 


15 


61 


81 


1 53 








I 


15 


60 



THE 



URN OBSSRVATORY. 
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Table III— COUNTS OF 



No. 


R. A. 1860. 


Dec. 1860. 


> 
Telescope . 


Now Stara 
19 


4Sec. d 
XNo. 


82 


h. 


m. 
54 


s. 



o / 

— 30 


I 


.76 


83 




54 





1 


I 


17 


68 


84 




55 





+ 8 45 


I&II 


34 


137 


85 




55 





> + 8 15 


I&II 


31 


85 


86 




55 





. + 7 45 


i&n 


13 


52 


87 




55 





+ 7 15 


i&ii 


33 


89 


88 




55 





— 


I 


19 


76 


89 




56 





— 1 15 


I 


35 


100 


90 




57 





+ 8 45 


i&ii 


33 


98 


91 


1 


57 





+ 7 45 


I&TT 


19 


77 


93 




57 





H- 7 15 


I&II 


14 


56 


93 




57 





— 1 45 


I 


36 


104 


94 




58 





— 1 15 


I 


33 


93 


95 




59 





+ 8 45 


I&II 


31 


85 


96 




59 





+ 7 45 


I&ll 


34 


97 


97 




59 





H- 7 15 


I&II 


30 


81 


98 




59. 





— 1 45 


I 


17 


68 


99 


3 


3 





+ 9 45 


II 


33 


89 


100 


3 


3 





+ 7 45 


I 


31 


85 


101 


3 


3 





•f 7* 15 


I 


31 


85 


103 


3 


5 





+10 


TT 


37 


100 


103 


2 


5 





+ 7 45 


I 


18 


73 


104 


3 


5 





-f 7 15 


I 


14 


56 


105 


3 


7 





-f^lO 


II 


30 


81 


106 


3 


7 





+ 7 45 


I 


14 


56 


107 


3 


7 





+ 7 15 


I 

• 


10 


40 


108 


3 


9 





+ 7 45 


I 


30 


81 


109 


3 


11 





1 + 8 16 


I 


16 


65 
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PUBLICATIONS OF 



Table III— COUNTS OF STARS— Continued. 



Na 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. d 
X No. 


110 


h. m. s. 
2 11 


o / 

+ 7 45 




25 


101 


111 


2 13 


+ 8 15 




18 


73 


112 


2 13 


+ 7 45 




18 


73 


113 


2 15 


' + 8 45 




15 


61 


114 


2 15 


+ 8 15 




15 


61 


115 


2 17 


+ 8 45 




15 


61 


116 


2 19 


+ 8 45 




12 


48 


117 


2 21 


+ 9 15 




25 


101 


118 


2 21 


+ 8 45 




21 


85 


119 


2 21 


+ 8 15 




23 


98 


120 


2 22 


-h 6 30 




24 


97 


121 


2 23 


+ 9 15 




26 


105 


122 


2 23 


H- 8 45 




18 


73 


123 


2 23 


H- 8 15 




24 


97 


124 


2 25 


+10 15 




21 


86 


125 


2 25 


+ 9 45 




26 


105 


126 


2 25 


+ 9 15 




. 10 


77 


127 


2 25 


-h 8 45 




20 


81 


128 


2 26 


+ 6 45 




22 


89 


129 


2 27 


+ 10 15 




27 


110 


130 


2 27 C 


+ 9 45 


A 


13 


53 1 


131 


2 27 


+ 9 15 




24 


97 


132 


2 27 


+ 8 45 




- 19 


77 


133 


2 28 


+ 6 45 


1 


22 


89 


134 


2 29 


+10 15 


% 


22 


90 


135 


2 29 


+ 9 45 




25 


101 


136 


2 29 


+ 9 15 




21 


85 


137 


2 29 


+ 8 46 




10 


^ 
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Table III— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. S 
X No. 


138 


h. TO. 8. 

2 31 


o / 

+ 21 45 




23 


99 


189 


2 31 


+ 21 15 




26 


111 


140 


2 31 


+ 20 45 




27 


114 


141 


2 31 


+10 15 




21 


86 


142 


2 31 


+ 9 45 




22 


89 


143 


2 31 


+ 9 15 




21 


85 


144 


2 31 


+ 8 45 




21 


85 


145 


2 33 


+21 45 




18 


78 


146 


2 33 


+ 21 15 




20 


86 


147 


2 33 


+ 20 45 




37 


158 


148 


2 33 


+ 10 45 




19 


78 


149 


2 33 


+ 10 15 




13 


53 


150 


2 33 


+ 9 45 




23 


93 


151 


2 33 


+ 9 15 




18 


73 


152 


2 33 


+ 8 45 




15 


61 


153 


2 35 


+ 21 15 




12 


51 


154 


; 2 35 iO 


+ il 15 




26 


106 


155 


2 35 


+-10 45 




16 


65 


166 


2 35 


+ 10 15 




18 


78 


157 


2 35 


-+ 9 45 




23 


98 


158 


2 35 


+ 9 15 


■ 


10 


40 


159 


2 35 


+- 8 45 




18 


78 


160 


2 37 


+ 11 15 




22 


90 


161 


2 37 


+ 10 45 




27 


110 


162 


2 37 


+ 10 15 




15 


61 


163 


^ 2 37 


+ 9 45 




21 


85 


164 


2 37 


-f 9 15 




17 


69 


165 


2 37 


+ 8 45 




13 


• y 
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PUBLICATIONS OF 



Table III— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Sec. <5 
X No. 


1«6 


h. m. s. 
2 89 


e / 

+ 11 15 




25 


102 


167 


2 39 


+ 10 45 




20 


82 


168 


2 39 


+ 10 15 




19 


77 


169 


2 39 


+ 9 45 




13 


53 


170 


2 41 


-+11 15 




22 


90 


171 


2 41 


+ 10 45 




21 


86 


172 


2 41 


+ 10 15 




19 


77 


178 


2 41 


+ 9 45 




25 


101 


174 


2 43 


+ 19 45 




31 


181 


175 


2 43 


+ 11 15 




20 


8a 


176 


2 43 


+ 10 45 




19 


77 


177 


2 43 


+ 10 15 




22 


m 


178 


2 43 


+ 9 45 


► 


Ifi 


5a 


179 


2 45 


+ 19 45 




24 


102 


180 


2 45 


H-19 15 




26 


iia 


181 


2 45 


+11 15 




20 


82 


182 


2 45 


+-10 45 




18 


73 


183 


2 45 


+10 15 




14 


57 


184 


2 47 


+19 15 




16 


6& 


185 


2 47 


+ 11 15 




12 


49 


186 


2 47 


+ 10 15 




14 


67 


187 


2 49 


+-19 15 




13 


55 


188 


2 49 


+ 11 15 




14 


57 


189 


2 51 


+ 19 15 




19 


81 


190 


2 53 


+ 19 15 




17 


72 


191 


2 55 


+ 19 15 




26 


110 


192 


2 57 


+19 15 




23 


97 


193 


2 59 


+ 19 15 




15 


64 
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\ 



Table in — COUNTS OF STARS — Continued. 



No 


R.A. 1860. 


Dea 1860. 


Telescopa 


No. stars 


4 Sec d 
XNo. 


194 


h. m, s. 
3 10 


o / 

+19 45 


II 


31 


131 


195 


3 1 


+ 19 15 


II 


36 


110 


196 


8 10 


+18 45 


11 


45 


196 


197 


8 10 


+18 15 


n 


28 


118 


198 


3 10 


+ 17 45 


II 


29 


132 


199 


3 10 


+ 17 15 


n 


23 


97 


200 


3 I 


+ 12 


I 


18 


73 


201 


3 3 


+ 19 45 


IT 


20 


85 


202 


3 3 


+19 15 


II 


25 


106 


203 


3 3 


+18 45 


II 


44 


186 


204 


3 3 


+ 18 15 


II 


38 


149 


205 


3 3 


+17 45 


IT 


31 


180 


206 


3 3 


+ 12 


I 


10 


41 


207 


8 5 


+ 18 45 


n 


42 


178 


208 


3 5 


+18 15 


II 


36 


151 


209 


8 5 


+17 45 


II 


83 


188 


210 


3 5 


+ 12 15 


I 


15 


61 


211 


3 7 


+ 12 15 


I 


18 


78 


212 


3 9 


+12 15 


I 


10 


41 


213 


3 11 


+19 30 


II 


85 


153 


214 


3 11 


+ 12 15 


I 


14 ^ 


57 


215 


3 13 


+ 19 30 


II 


34 


144 


216 


3 13 


+12 30 


I 


15 


61 


217 


3 15 


+ 19 80 


II 


30 


127 


218 


3 15 


+ 12 80 


I 


11 


45 


219 


3 17 


+ 19 45 


II 


34 


144 


220 


3 19 


+ 19 45 


II 


31 


181 


221 


3 21 


+8 80 


I 


26 


105 
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PUBLICATIONS OF 



Table ni — COUNTS OF STARS— Continued. 



Na 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. stare. 


4Sea ^ 
XNo. 


222 


h. m. s. 
3 22 


+20 


II 


17 


72 


223 


3 23 


+ 8 30 


I 


14 


57 


224 


3 24 


4-20 16 


n 


46 


194 


225 


3 25 


4- 8 30 


I 


11 


45 


226 


3 26 


+20 16 


U 


38 


161 


227 


3 26 


+ 18 


n 


32 


134 


228 


3 27 


+ 8 30 


I 


11 


44 


229 


3 28 


+18 


II 


18 


79 


230 


3 29 


+ 8 30 


I 


12 


48 


231 


3 31 


+19 30 


I 


21 


89 


232 


3 32 


+ 8 45 


I 


12 


48 


233 


3 33 


+ 19 30 


I 


25 


106 


234 


3 34 


+ 20 


I 


15 


64 


235 


3 34 


+ 8 45 


I 


16 


65 


236 


3 35 


+19 30 


I 


28 


119 


237 


3 36 


+ 20 


I 


23 


97 


238 


3 36 


+ 8 45 


I 


22 


89 


239 


3 37 


+19 30 


I 


34 


144 


240 


3 38 


+20 


I 


35 


148 


241 


3 38 


+ 8 45 


I 


24 


97 


242 


3 39 


+19 30 


I 


26 


no 


243 


3 40 


+20 


I 


20 


85 


244 


3 40 


+ 8 45 


I 


16 


65 


245 


3 46 


+20 15 


I 


28 


119 


246 


8 47 . 


+19 45 


I 


24 


102 


247 


3 48 


+ 20 15 


I 


25 


106 


248 


3 49 


+19 46 


I 


22 


93 


249 


3 50 


+20 15 


I 


22 


93 
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TABLE in— COUNTS OF STARS — Oontinued. 



No. 


R. A. 1860. 


Dec. 1860 


Telescope. 


No. Stars. 


4 Sec.<J 
X No. 


250 


h. m. s. 
3 51 


o ; 

+20 45 




45 


191 


251 


3 51 


-hl9 45 




27 

• 


114 


252 


3 52 


4-20 15 




23 


97 


253 


3 53 


-f20 45 




25 


106 


254 


3 55 


+20 45 




34 


145 


255 


3 57 


4-21 


X 


31 


182 


256 


3 59 


+21 




30 


128 


257 


4 2 


+ 9 45 




22 


89 


258 


4 4 0^ 


+ 10 




26 


106 


259 


4 6 


+ 10 15 




25 


102 


260 


4 8 


+10 30 




23 


94 


261 


4 10 


+ 10 45 




23 


94 


262 


4 12 


+ 11 




20 


82 


263 


4 14 


+ 11 30 




33 


135 


264 


4 16 


+ 11 45 




23 


94 


265 


4 18 


+ 12 




30 


122 


266 


4 24 


+13 16 




18 


74 


267 


4 25 


+12 15 




34 


139 


268 


4 26 


+13 15 




29 


119 


269 


4 27 


+ 12 30 




31 


126 


270 


4 28 


+13 15 




25 


102 


271 


4 29 


+ 12 45 


1 


S» 


160 


272 


4 30 


+ 13 15 




24 


99 


273 


4 31 


+21 30 




25 


i07 


274 


4 82 


+ 13 15 




32 


132 


275 


4 33 


+ 21 80 




23 


99 


276 


4 34 


+ 13 15 




82 


132 


277 


4 35 


+21 45 




U 


104 
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PUBLICATIONS OF 



Table IIL— COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. d 
XNo. 


278 


h. m. 8. 
4 36 


o / 

+ 18 15 




16 


66 


279 


4 37 


+ 21 45 




22 


95 


280 


4 39 


+22 15 




24 


104 


281 


4 39 


+21 45 




18 


TO 


282 


4 41 


+ 13 80 




28 


116 


288 


4 48 


+ 13 80 




24 


90 


284 


4 48 


+ 13 45 




23 


95 


285 


4 50 


+13 45 




30 


124 


286 


4 52 


+ 13 45 




30 


124 


287 


4 54 


+-13 45 




27 


111 


288 


4 56 


+ 13 45 


X 


33 


136 


289 


4 58 


+ 13 45 




39 


161 


290 


5 


+ 13 45 




38 


157 


291 


5 41 


+-15 




42 


174 


292 


5 43 


+ 15 




54 


224 


293 


5 45 


+ 15 15 




57 


237 


294 


5 47 


+ 15 15 




73 


304 


295 


5 51 


+ 16 15 




^ 


170 


296 


5 53 


+ 16 80 




29 


120 


297 


6 21 


+28 




63 


285 


298 


6 21 


+27 30 




67 


289 


299 


6 30 


+ 28 15 




71 


329 


800 


6 33 


+27 15 




63 


284 


801 


6 40 


+ 23 15 




75 


324 


802 


6 42 


+ 23 15 




71 


309 


803 


6 44 


+ 23 15 




63 


274 


304 


6 46 


+ 23 7.5 




77 


335 


805 


6 48 


+ 23 7.5 




84 


365 


306 


6 50 


+ 23 7.5 




69 


300 
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Table m.— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. 5 

XNo. 


307 


h. m. s. , 
6 52 ' 


o / 

+23 




97 


428 


308 


6 64 


+23 




92 


401 


809 


7 22 


+22 30 




32 


138 


810 


7 24 


+ 22 30 




42 


181 


811 


7 26 


+22 30 




41 


177 


812 


7 28 


+22 30 




88 


164 


813 


7 30 


+ 22 30 




^5 


238 


814 


7 32 


+22 30 




49 


212 


815 


7 41 


+ 29 


II 


43 


196 


816 


7 43 


+ 29 


II 


44 


201 


817 


7 44 


+26 30 

1 




44 


197 


818 


7 44 


+26 




36 


149 


319 


7 44 


+ 19 30 




44 


186 


820 


7 45 


+ 29 


II 


53 


241 


821 


7 46 


+ 26 30 




42 


188 


822 


7 46 


+ 26 




30 


133 


828 


7 46 


+ 19 30 




89 


165 


824 


7 47 


+29 


II 


49 


224 


825 


7 48 


+26 30 




52 


233 


826 


7 48 


+ 19 15 . 


' 1 * 


47 


199 


827 


7 49 


+ 29 


U 


34 


155 


828 


7 50 


+26 30 




35 


157 


829 


7 50 


+ 19 15 




53 


225 


880 


7 51 


+29 


n 


87 


170 


881 


7 52 


+ 26 30 




37 


166 


882 


7 53 


+29 


II 


36 


164 


888 


7 54 


+26 30 




31 


141 


884 


7 54 


+ 8 30 


■»• 


52 


• 210 
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PUBLICATIONS OF 



Table III— COUNTS OF STARS— Continued. 



No. 


R A. 1860. 

/ 


Dec. 1860. 


TeleBcoi>e. 


No. Stars 


4Sec. ^ 
X No. 


885 


h. m. s. 
7 55 


o / 

+ 29 


II 


40 


188 


886 


7 56 


+ 8 30 


I 


89 


158 


837 


7 57 


+29 


II 


40 


188 


888 


7 58 


+ 19 15 


I 


40 


170 


889 


7 58 


+ 8 30 


I 


45 


848 


840 


7 59 


+ 29 


II 


84 


155 


841 


7 59 


+ 19 45 


I 


23 


99 


842 


8 


+ 19 15 


I 


27 


114 


848 


8 10 


+ 29 30 


II 


49 


225 


844 


8 10 


+ 22 15 


II 


59 


154 


845 


8 10 


+ 21 45 


IT 


44 


190 


846 


8 10 


+ 21 15 


11 


53 


229 


347 


8 10 


+ 20 45 


II 


50 


214 


848 


8 10 


+ 20 15 


II 


46 


197 


349 


8 10 


+19 45 


, 11 


56 


237 


350 


8 10 


+ 19 15 


II 


59 


250 


851 


8 10 


+18 45 


n 


62 


262 


352 


8 10 


+ 18 15 


II 


47 


199 


358 


8 10 


+ 17 45 


II 


58 


243 


854 


8 3 


+22 15 


II 


58 


250 


355 


8 3 


+ 21 45 


II 


55 


288 


856 


8 8 


+21 15 


IT 


52 


224 


857 


8 8 


+ 20 45 


II 


66 


282 


858 


8 8 


+20 15 


11 


54 


231 


859 


8 8 


+19 45 


IT 


61 


259 


860 


8 8 


+ 18 15 


11 


56 


285 


861 


8 3 


+ 17 45 


n 


47 


197 


362 


8 5 


+22 15 


II 


48 


207 
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Table III.— COUNTS OF STARS— Continued. 



5= 

No 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Seo. d 
X No. 


868 


b. m. s. 
8 5 


o / 

+ 21 45 


II 


58 


229 


864 


8 5 


+21 15 


II 


49 


209 


865 


8 5 


+20 45 


II 


58 


227 


866 


8 5 


+20 15 


11 


41 


174 


867 


8 5 


+19 45 


n 


59 


250 


868 


8 6 


+ 9 15 




50 


202 


869 


8 10 


+ 1 




61 


204 


870 


8 12 


+ 10 




47 


188 


871 


8 14 • 


+ 90 




43 


174 


872 


8 14 


+ 45 




61 


244 


878 


8 16 


+ 90 




89 


158 


874 


8 16 


+ 80 




48 


172 


875 


8 42 


+ 7 15 




26 


105 


876 


8 44 


+ 7 15 




27 


1C9 


877 


9 14 


+28 15 




19 


82 


878 


9 15 


+ 24 15 




10 


44 


879 


9 15 


+ 28 45 




14 


61 


880 


9 16 


+ 24 45 


I 16 

1 


70 


881 


9 16 


+ 28 15 


I ! 18 


73 


882 


9 17 


+ 24 15 




17 


77 


888 


9 17 


+ 28 45 




10 


44 


884 


9 17 


+22 45 


T 


17 


78 


885 


9 17 


+ 21 45 




24 


104 


886 


9 18 


+ 24 45 


1 


11 


48 


887 


9 18 


+ 28 15 




21 


91 


838 


9 19 


+ 24 15 




17 


75 


889 


9 19 


+ 28 45 




14 


61 


890 


9 19 


+ 22 45 




18 


78 
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PUBLICATIONS OF 



TABLE ni — COUNTS OF OTAKS— ContinuecL 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Sec. d 
X No. 


391 


h. m. s. 
9 19 


O 1 

+ 22 15 




20 


86 


392 


9 19 


+21 45 




14 


60 


393 


9 20 


+ 24 45 




10 


44 


394 


9 20 


+23 15 




11 


48 


395 


9 21 


+24 15 




15 


66 


396 


9 21 


+ 23 46 




26 


113 


397 


9 21 


+ 22 45 




16 


69 


398 


9 21 


+-22 15 




10 


43 


399 


9 21 


+ 21 45 




13 


56 


400 


9 21 


+ 21 15 




20 


86 


401 


9 21 


+ 6 45 




29 


117 


402 


9 22 


+24 45 




19 


84 


403 


9 22 


+23 15 




9 


39 


404 


9 23 


+ 24 15 




27 


118 


405 


9 23 


+23 45 


A 


13 


57 


406 


9 23 


+ 22 45 


T 


16 


69 


407 


9 23 


+22 15 


■ 


19 


82 


408 


9 23 


+21 45 




11 


47 


409 


9 23 


+ 21 15 


1 


18 


77 


410 


9 23 


+ 6 45 




31 


78 


411 


9 24 


+ 23 15 




17 


74 


412 


9 25 


+ 24 15 


-. 


12 


58 


413 


9 25 


+23 45 




17 


74 


414 


9 25 


+ 22 45 




14 


60 


415 


9 25 


+22 15 




- 15 


65 


416 


9 25 


+ 21 15 




12 


U 


417 


9 25 


+ 6 45 




34 


137 


418 


9 26 


+ 24 45 




21 


Q% 
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Table III.- 


- COUNTS OF S' 


TSrjB^ — Continued. 




No. 


R. A. 1860. 


Dee* I860. 


Telescope. 


Na Stars. 


4 Sec. d. 
X No. 


419 


h. rn. s. 
9 26 .6^ 


O 1 

+23 15 




11 


48 


420 


9 a«r 

t 


+24 15 




16 


70 


421 


9 27 I 


+23 45 




18 


85 


422 


9 27 

> 


+22 45 




16 


69 


42^ 


9 27 


+22 15 




14 


60 


424 


9 27 


+ 6 30 




26 


105 


425 


9 28 


+24 45 




22 


96 


426 


9 28 


+23 15 


T 


24 

1 


106 


427 


9 29 


+24 15 




14 


62 


428 


9 29 


+23 45 




27 


118 


429 


9 29 


+22 45 




20 


86 


430 


9 30 


+24 45 


t 


11 


48 


431 


9 80 


+ 23 15 




14 


61 


432 


9 31 


+34 15 




19 


84 


433 


9 31 


+ 23 45 




22 


96 


434 


9 31 


+ 22 46 




11 


48 


435 


9 31 


+22 15 


n 


13 


56 


436 


9 31 


+ 11 30 




26 


106 


437 


9 32 


+23 15 




19 


83 


438 


9 32 


+ 11 




28 


114 


439 


9 33 


+24 15 


«■ 


17 


75 


440 


9 33 


+23 45 




20 


87 


441 


9 33 


+22 45 


II 


17 


73 


442 


9 33 


+22 15 


n 


21 


91 


443 


9 33 


+21 45 


II 14 


60 


444 


9 33. 


+11 30 


I 21 


86 


445 


9 33 


+10 30 




23 


94 


446 


9 33 


+10 




33 


135 
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PUBLICATIONS OF 



Table m— COUNTS OF STARS —Continued, 



Na 


R A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. d 
X No. 


447 


h. m. s. 
9 34 


o / 

+28 15 


I 


10 


44 


448 


9 84 

« 


+21 15 


II 


20 


83 


449 


9 34 


+11 


I 


25 


102 


450 


9 35 


+ 24 15 


I 


12 


58 


451 


9 35 


+ 22 45 


II 


17 


73 


452 


9 35 


+22 15 


II 


24 


104 


453 


' 9 85 


+21 45 


11 


12 


52 


454 


9 85 


+ 6 15 


I 


32 


129 


455 


9 36 


+ 21 15 


IT 


16 


58 


456 


9 37 


+ 24 15 


I 


20 


88 


457 


9 37 


+ 22 45 


11 


22 


97 


458 


9 87 


+ 22 15 


II 


18 


78 


459 


9 37 


+21 45 


II 


19 


81 


460 


9 87 


+ 6 15 


I 


35 


141 


461 


9 88 


+ 23 45 


II 


15 


6(t 


462 


9 88 


+23 15 


II 


20 


87 


463 


9 88 


+21 15 


II 


19 


63 


464 


9 39 


+ 24 15 


II 


22 


96 


465 


9 89 


+22 45 


II 


22 


95 


466 


9 89 


+ 22 15 


11 


25 


108 


467 


9 39 


+21 45 


II 


24 


108 


46B 


9 89 


+ 6 15 


I 


23 


93 


469 


9 40 


+23 45 


n 


20 


87 


470 


9 40 


+28 15 


IT 


24 


106 


471 


9 40 


+21 15 


II 


24 


103 


472 


9 41 


+ 6 15 


I 


28 


118 


478 


9 48 


+ 6 15 


I 


80 


121 


474 


9 45 


+ 7 


I 


25 


101 
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Table III— COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. S 
XNo. 


475 


h. m. s. 
9 45 


o / 

+ 6 15 




26 


105 


476 


9 47 


+ 70 


T 


22 


89 


477 


9 49 


+ 7 




27 


109 


478 


9 50 


+ 5 45 


y 


28 


93 


479 


9 52 ' 


+ 5 45 




34 


137 


480 


9 54 


+ 5 45 




25 


101 


481 


10 8 


■4- 8 45 




22 


89 


482 


10 8 


+ 8 15 




14 


57 


483 


10 8 


+ 7 45 




18 


73 


484 


10 9 


+ 6 45 




17 


69 


485 


10 10 


+ 8 45 




21 


84 


486 


10 10 


H- 8 15 




24 


97 


487 


10 10 


+ 7 45 




10 


40 


488 


10 10 


-h 7 15 




20 


81 


489 


10 11 


-h 6 45 




21 


85 


490 


10 12 


H- 8 45 




15 


61 


491 


10 12 


+ 8 15 




28 


113 


492 


10 12 


-h 7 45 




32 


125 


493 


10 12 


-1- 7 15 




21 


85 


494 


10 13 


+ 6 45 




18 


73 


495 


10 14 C 


-h 8 15 


T 


20 


81 


496 


10 14 


+ 7 45 


T 


18 


73 


497 


10 14 


-h 7 15 




34 


137 


498 


10 14 


+ 6 15 




27 


109 


499 


10 15 


+ 6 45 




32 


129 


500 


10 16 


+ 7 45 




33 


133 


501 


10 16 


4- 7 15 




24 


97 


502 


10 16 


-+- 6 15 




29 


117 

m 



16 
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PUBLICATIONS OF 



Table III— COUNTS OF STAES — Continued. 



No. 


R. A. 1860. 


Dec. 1860 


Telescope. 


No. Stars. 


4 Sec. d 
X No. 


503 


h* m. s. 
10 17 


o t 

+ 6 45 




17 


69 


504 


10 18 


-h 7 45 




28 


113 


505 


10 18 


+ 7 15 




21 


85 


506 


10 20 


4- 7 45 




23 


93 


607 


10 20 


+ 7 15 




25 


101 


508 


10 28 


-h 6 30 


— 


16 


65 


509 


10 30 


+ 6 30 




24 


97 


510 


10 34 


+ 5 45 




16 


64 


511 


10 36 


+ 5 45 




21 


84 


512 


10 38 


+ 5 30 




18 


72 


513 


10 40 


4- 5 30 




11 


44 


514 


11 1 


+ 9 45 




22 


89" 


515 


11 1 


— 3 30 




16 


64 


516 


11 2 


+ 15 15 




16 


66. 


517 


11 4 


+ 9 30 


II 


23 


94 


518 


11 3 


3 30 




23 


92 


519 


11 4 


+15 




14 


5a 


520 


11 5 


+ 9 15 


11 


25 


101 


521 


11 5 


+ 8 45 


II 


17 


6» 


522 


11 5 a 


3 45 




18 


72 


523 


11 6 


4-14 45 


X 4 


14 


58 


524 


11 7 


+ 8 45 


II 


35 


141 


525 


11 7 


— 4 




34 


18a 


526 


11 8 


+ 14 30 




10 


41 


527 


11 9 


+ 8 30 


II 


23 


93 


528 


11 9 


— 4 




23 


92 


529 


11 11 


4 15 




21 


84 


580 


11 13 


4 15 




18 


1% 



f 

1 
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Table III.— COUNTS OF STARS — Continued. 



No" 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. d 
X No. 


531 


b. m. 8. 
11 15 


o / 

+ 13 15 




18 


74 


532 


11 15 


4 30 




23 


92 


533 


11 17 


+13 15 




17 


70 


534 


11 17 


4 30 




23 


9^ 


535 


11 17 


5 




16 


64 


586 


11 19 e 


+ 13 45 




19 


78 


537 


11 19 


+ 12 45 




18 ' 


74 


538 


11 19 


4 30 




21 


84 


529 


11 19 


5 




24 


96 


540 


11 21 


+ 13 45 




18 


74 


541 


11 21 


+ 12 45 




16 


66 


542 


11 21 


— 4 45 




14 


56 


543 


11 25 


— 5 




26 


104 


544 


11 m . 


— 5 30 ' 




13 


52 


545 


11 33 


— 5 45 




20 


80 


546 


11 35 


— 5 45 




25 


100 


547 


11 37 


— 6 




14 


56 


548 


11 39 


— 6 




15 


60 


549 


12 11 


4 15 


II 


35 


140 


550 


12 15 


— 4 30 


11 


29 


116 


551 


12 17 


— 4 46 


II 


27 


108 


552 


12 20 


— 7 45 


II 


28 


113 


553 


12 34 


— 6 45 


II 


36 . 


145 


554 


12 36 


— 6 


II 


25 


101 


555 


12 36 


— 7 


II 


24 


97 


556 


12 37 


— 6 


II 


40 


161 


567 


12 30 


6 


11 


36 


141 


568 


12 46 


— 8 30 


II 


19 


77 
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PUBLICATIONS OF 



Table III — COUNTS OF STARS — Continued. 



No 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars 


4 Sec. d 
X No. 


539 


h. m, s. 
12 47 


o r 

— 8 45 




16 


65 


560 


12 49 


8 15 




29 


117 


561 


13 2 


—12 30 




20 


82 


562 


13 4 


—12 30 




2JJ 


94 


568 


13 6 


—12 45 




27 


110 


564 


13 8 


—12 45 




24 


99 


565 


13 10 


—13 




27 


111 


566 


13 12 


—13 




22 


91 


567 


13 14 


—13 15 


1 


23 


95 


568 


13 16 


—13 15 




17 


70 


569 


13 18 


—13 30 




19 


78 


570 


13 20 


—13 80 


I 


14 


58 


571 


13 22 


+12 30 




27 


110 


572 


13 24 


+ 12 15 


, 


20 


82 


573 


13 24 


+11 45 




13 


53 


574 


13 25 


13 45 




21 


86 


575 


13 27 


—14 




14 


58 


§76 


13 29 


—14 




14 


58 


577 


13 31 


—14 15 


V 


9 


37 


578 


13 32 


+10 30 




16 


65 


579 


13 33 


+ 11 30 




13 


58 


580 


13 33 


+ 11 




12 


49 


531 


13 33 


—14 15 




20 


82 


582 


13 34 


+ 10 30 




18 


73 


583 


13 35 


+ 11 30 




21 


86 


584 


13 35 


+ 11 




21 


86 


585 


13 35 


—14 15 


1» 


23 


95 


586 


13 37 


+11 30 


* 


13 


54 
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Table HI — COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


jCDec. 1860. 


Telescope. 


No. Stai-s. 


4 Sec. d 
X No. 


587 


h. m. s. 
13 37 


o / 

+ 11 




12 


49 


588 


13 39 


+11 




16 


65 


589 


13 44 


-14 45 




14 


58 


590 


13 46 


-14 45 




16 


66 


591 


13 48 


-15 




17 


70 


592 


15 49 


-14 45 




17 


70 


593 


15 49 


-15 15 


■J 


16 


66 


594 


15 51 


-14 45 




18 


74 


595 


15 53 


-14 45 




17 


69 


596 


15 53 


-15 15 




11 


46 


597 


16 2 


- 6 




28 


118 


598 


16 2 


- 7 




17 


69 


499 


16 2 


- 7 30 




21 


85 


600 


16 2 


-14 45 




25 


108 


601 


16 2 


-15 15 




83 


137 


602 


16 2 


—15 45 




25 


104 


603 


16 2 


-16 15 




23 


102 


604 


16 2 


-16 45 




35 


146 


605 


16 3 


- 6 30 




26 


105 


606 


16 4 


- 6 




19 


77 


607 


16 4 


- 7 




24 


97 


608 


16 4 


-14 45 




29 


119 


609 


16 4 


-15 15 




28 


116 


610 


16 4 


-15 45 




26 


108 


611 


16 5 


- 6 30 




19 


77 


612 


16 6 


- 7 




25 


101 


613 


16 8 


- 7 




20 


81 


614 


16 10 


- 7 




18 


73 



246 



PUBLICATIONS OF 



Table III — COUNTS OF STARS— Continued. 



No. 


• 
R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Sec S 
XNo. 


615 


h. m. s. 
16 12 


— 6 45 


I 


21 


85 


616 


16 14 


— 6 45 


I 


20 


80 


617 


16 16 


— 6 45 


I 


20 


80 


618 


16 17 


—16 


I 


27 


112 


619 


16 18 


— 6 30 


I 


26 


106 


620 


16 19 


—16 


I 


13 


64 


621 


17 42 


— 6 15 


TI 


71 


286 


622 


17 42 


— 6 45 


II 


70 


282 


623 


17 44 


— 6 15 


U 


73 


294 


624 


17 44 


— 6 46 


II 


59 


287 

a 


625 


17 46 


— 6 16 


II 


64 


217 


626 


17 46 


— 6 45 


11 


66 


221 


627 


17 48 


— 6 46 


II 


54 


217 


628 


17 62 


- 6 16 


11 


70 


282 


629 


17 52 


— 6 45 


II 


63 


264 


630 


17 54 


— 6 16 


II 


43 


178 


631 


17 54 


— 6 46 ' 


II 


44 


177 


632, 


17 56 


— 6 46 


II 


47 


180 


633 


17 58 


— 6 45 


n 


44 


177 


634 


18 


— 6 46 


n 


39 


157 


635 


18 7 


—82 15 . 




86 


170 


636 


18 9 


-81 46 




43 


208 


637 


18 9 


-82 16 




35 


165 


638 


18 11 


—81 45 




40 


189 


639 


18 11 


—82 15 




57 


268 


640 


19 3 


—23 




32 


140 


641 


19 5 


—23 




60 


218 


642 


19 7 


-22 45 




61 


220 
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Table ni.— COUNTS OF STARS — Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Sec. ^ 
XNo. 


643 


h. m. s. 
19 9 


o / 

—22 45 




60 


259 


644 


19 16 


—22 15 




78 


815 


645 


19 18 


—22 15 




42 


181 


646 


19 21 


—25 


II 


61 


263 


647 


20 82 


+ 1 




64 


256 


648 


20 84 


+ 10 




51 


204 


649 


20 86 


+ 1 15 




40 


160 


650 


20 88 


+ 1 15 




58 


282 


651 


20 40 


+ 1 15 




37 


148 


652 


20 42 


+ 1 15 




32 


128 


653 


20 44 


+ 1 15 * 




50 


200 


654 


20 46 


+ 1 15 




36 


144 


655* 


21 42 


—12 15 




24 


98 


656 


21 42 


—18 15 


II 


28 


115 


657 


21 42 


—18 45 


n 


80 


124 


658 


21 48 


—11 45 




23 


94 


659 


21 45 


—11 45 




25 


102 


660 


21 47 


—11 30 




21 


86 


661 


21 49 


—11 15 




27 


110 


662 


21 51 


—10 30 




25 


102 


668 


21 51 


—11 




19 


77 


664 


21 58 


—10 30 




15 


61 


665 


22 2 


+ 10 




14 


56 


666 


22 4 ' 


+- 1 




10 


40 

« 


667 


22 6 


+ 10 




8 


82 


668 


22 8 


+ 1 




11 


44 


669 


22 10 


+ 1 




12 


48 


670 


22 12 


+ 10 




10 


40 
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PUBLICATIONS OF 



Table in— COUNTS OF STARS— Continued. 



Na 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Seed 
X No. 


671 


h. m. 8. 
22 14 


o t 

+ 10 




13 


52 


672 


22 16 


+ 1 




18 


72 


678 


22 18 


+ 1 '0 


^f 


24 


96 


674 


22 20 


+ 1 




10 


40 


675 


22 22 


+ 20 




18 


72 


676 


22 22 


-+ 1 80 




28 


112 


677 


22 22 


+ 1 




29 


116 


678 


22 22 


— 1 46 




24 


96 


679 


22 22 


— 2 15 




24 


96 


680 


22 24 


+ 20 




12 


48 


681 


22 24 


+ 1'80 


T • 


81 


124 


682 


22 24 


+ 1 




82 


128 


683 


22 24 


— 1 45 




25 


100 


684 


22 24 


— 2 15 




18 


72 


685 


22 26 


+ 20 




18 


52 


686 


22 26 


+ 1 80 




17 


68 


687 


22 26 


— 1 46 




25 


100 


688 


22 26 


— 2 16 




29 


116 


689 


22 28 


+ 20 




28 


112 


690 


22 28 


+ 1 80 




26 


104 


691 


22 28 


— 1 45 




23 


92 


692 


22 80 


+-2 


^ 


25 


100 


693 


22 80 


+ 1 80 




24 


96 


694 


22 80 


— 1 15 




21 


84 


695 


22 80 


— 1 45 




32 


128 


696 


22 82 


4-2 




24 


96 


697 


22 82 


+ 1 30 




• 24 


96 


698 


22 82 


— 1 15 




88 


152 
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Table III— COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 

• 


4 Sec. & 
X No. 


699 


h. m. s. 
22 32 


o / 

— 1 45 




28 


112 


700 


22 34 


+ 20 




29 


116 


701 


22 34 


+ 1 30 




18 


72 


702 


22 34 


— 1 15 


\ 


22 


88 


703 


22 35 


45 




22 


8a 


704 


22 36 


+ 20 




16 


64 


705 


22 36 


— 1 15 




22 


88 


706 


22 37 


— 45 




10? 


40? 


707 


22 38 


4-2 




25 


100 


708 


22 38 


1 15 




21 


84 


709 


22 39 


— 45 




22 


88 


710 


22 41 


— 9 30 




37 


149 


711 


22 42 


— 30 




14 


56 


712 


22 42 


—12 15 




15 


60 


713 


22 43 


9 30 




19 


77 


714 


21 44 


15 




18 


72 


715 


22 44 


—12 




•22 


90 


716 


22 45 


— 9 




26 


10& 


717 


22 46 


— 15 




26 


104 


718 


22 46 


—11 45 




13 


53 


719 


22 47 


— 8 45 




26 


105 


720 


22 48 







27 


lOS 

■ 


721 


22 48 


— 8 




21 


85 


722 


22 48 


—11 30 




15' 


61 


723 


22 49 


— 7 80 




24 


97 


724 


22 49 


— 8 30 




27 


109 


725 


22 49 


—11 




13 


52 


726 


22 50 


— 




16 


64 
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PUBLICATIONS OF 



Table III — COUNTS OF STARS— Continued. 



Na 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4Sec.<^ 
XNo. 


727 


h. m. s. 
22 50 


o / 

—11 80 




14 


57 


728 


22 51 


—11 




17 


69 


729 


22 52 


— 




12 


48 


730 


22 52 


— 1 




21 


84 


781 


22 54 


-+- 15 




24 


96 


782 


22 54 


15 




14 


56 


738 


22 56 


+ 80 




21 


84 


784 


22 56 


+ 00 




20 


80 


785 


22 56 


— 30 




23 


92 


786 


22 58 


H- 80 




24 


96 


787 


22 58 


+ 00 




21 


84 


788 


22 58 


— 30 




20 


80 


789 


28 


• + 




13 


52 


740 


28 


— 80 




15 


60 


741 


28 1 


+ 1 15 




17 


^ 


742 


28 1 


+ 45 




23 


92 


748 


28 2 


—10 15 




17 


68 


744 


28 8 


+ 1 15 




18 


72 


745 


28 8 


+ 45 




29 


m 


746 


28 4 


10 




19 


77 


747 


28 5 


+ 1 15 




27 


108 


748 


23 6 


+ 9 45 




19 


"77 


749 


23 7 


+ 1 45 




21 


84 


750 


28 7 


-f- 1 15 




23 


92 


751 


23 8 


— 9 30 




19 


77 


752 


23 9 


+ 1 46 




20 


80 


758 


23 9 


+ 1 li 




26 


104 


754 


23 10 


— 9 15 




22 


89 
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Table IIL— COUNTS OF STARS— Continued. 



No. 


R. A. 1860. 


Dec. 1860. 


Telescope. 


No. Stars. 


4 Sec. d 
XNo. 


765 


h. m. s. 
38 11 


o / 

+ 1 45 




15 


60 


756 


23 11 


+ 1 15 




22 


"88 


757 


28 12 


9 15 




18 


73 


758 


23 13 


+ 1 45 




16 


64 


759 


23 13 


+ 1 15 




23 


92 


760 


23 14 


— 9 




21 


85 


761 


23 15 


+ 1 45 


X 


22 


88 


763 


23 17 


H- 1 45 




21 


84 


763 


23 18 


+ 2 15 




22 


88 


764 


23 19 


+ 2 45 




24 


92 


765 


23 19 


+ 1 45 




26 


104 


766 


23 20 


+ 2 15 




31 


124 


767 


23 29 


— 8 30 


^ 


20 


81 


768 


23 81 


8 15 




32 


129 


769 


23 33 


— 8 15 




37 


149 


770 


23 35 


— 8 15 


^ 


29 


117 


771 


23 45 


- 6 45 




12 


48 


772 


23 45 


— 7 15 




18 


73 


773 


23 47 


6 30 


T 


11 


44 


774 


23 47 


7 




16 


64 


775 


23 49 


— 6 15 


J 


17 


68 


776 


23 51 


— 5 45 




15 


60 


777 


23 52 


— 6 15 




16 


64 


778 


23 53 


— 5 45 




10 


40 


779 


23 55 


— 5 45 




13 


52 


780 


23 57 


— 5 45 




18 


72 


781 


23 59 


— 5 45 




11 


44 
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PUBLICATIONS OF 



CX)UNTS OF STABS FROM PALIS A'S PUBLISHED CHARTS, Nos. 2 



Ali 


rD 3. MA 


j)E wrj 


.'H THE 12 INCB 


REFRACTOR OF VIENNA- 








No. 


R. A. 


I860. 


Dec. 1860. 


No. Stars per V 


(Na StATs) Sec. d 


782 


h. 
10 


m. 
2 


o / 

+ 13 30 


97 


100 


783 




2 


4-12 30 


99 


101 


784 




2 


+ 11 30 


88 


90 


785 




2 


+ 10 30 


97 


99 


786 




2 


+ 9 80 


99 


100 


787 


10 


6 


+ 13 30 


101 


104 


788 




6 


+ 12 80 


106 


108 


789 




6 


+ 11 30 


128 


181 


790 




6 


+ 10 80 


118 


120 


791 




6 


+ 9 30 


102 


103 


792 


10 


10 


+ 13 80 


114 


117 


798 




10 


+ 12 30 


104 


106 


794 




10 


+ 11 30 


100 


102 


795 




10 


+ 10 30 


91 


93 


796 




10 


+ 9 80 


100 


101 


797 


10 


14 


+ 13 30 


81 


83 


798 




14 


+ 12 30 


HI 


113 


799 




14 


4-11 30 


100 


102 


800 




14 


+ 10 30 


79 


81 


801 




14 


+ 9 30 


109 


110 


802 


10 


18 


+ 13 30 


107 


110 


803 




18 


+ 12 30 


97 


99 


804 




18 


+ 11 30 


120 


122 


805 




18 


+ 10 30 


99 


101 


806 


10 


18 


+ 9 30 


114 


115 
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COUNTS OF STARS FROM PALISA'S PUBLISHED CHARTS, NOS. 2 

AND 3— Continued. 



No. 


R. A. 


1360, 


Dec. 1860. 


No. Stars per 1° 


(No. Stars) Sec. d 


807 


h. . 
12 


m. 
22 


o / 

+ 4 15 


112 


112 


808 




22 


4- 3 15 


132 


132 


807 

1 




22 


+ 2 15 


137 


137 


810 




22 


+ 1 15 


124 


124 


811 


. 


22 


+ 15 


122 


122 


812 


12 


26 


+ 4 15 


,122 


122 


813 




26 


+ 3 15 


117 


117 


814 




26 


+ 2 15 


114 


114 


815 




26 


4- 1 15 


117 


117 


816 




26 


+ 15 


136 


136 


817 


12 


30 


-h 4 15 


122 


122 


818 




30 


+ 3 15 


127 


127 


819 




30 


+ 2 15 


123 


123 


820 




30 


4- 1 15 


138 


138 


821 




30 


+ 15 


105 


105 


822 


12 


34 


H- 4 15 


109 


109 


828 




34 


+ 3 15 


121 


121 


824 




34 


+ 2 15 


138 


138 


825 




34 


4- 1 15 


119 


119 


826 




34 


+ 15 


141 


141 


827 


12 


38 


+ 4 15 


129 


129 


828 




38 


+ 3 15 


121 


121 


829 




38 


+ 2 15 


113 


113 


830 




38 


4- 1 15 


120 


120 


831 




38 


+ 15 


113 


113 
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PUBLICATIONS OF 



COUNTS OF STARS FROM PALISA'S PUBLISHED CHART IN 22 
HOURS MADE WITH THE 6-INCH REFRACTOR AT POLA 



Na 


R. A. 1860. 


Dec. 1860. 


Na Stars per 1\ 


No. Stars Sec. 8. 


832 


h. ID. 
22 2 


o / 

13 30 


133 


137 


833 


2 


12 30 


129 


132 


834 


2 


11 30 


139 


142 


835 


2 


10 30 


157 


160 


836 


2 


— 9 30 


133 


134 


837 


22 6 


—13 30 


154 


159 


838 


6 


—12 30 


117 


119 


839 


6 


11 30 


135 


138 


840 


6 


10 30 


134 


137 


841 


6 


— 9 30 


142 


143 


842 


22 10 


—13 30 


150 


155 


843 


10 


12 30 


121 


123 


844 


10 


—11 30 


134 


137 


845 


10 


10 30 


120 


122 


846 


10 


9 30 


130 


131 


847 


22 14 


13 30 


128 


132 


848 


14 


—12 30 


120 


122 


849 


14 


11 30 


116 


118 


850 


14 


10 30 


101 


103 


851 


14 


— 9 30 


142 


143 


852 


22 18 


—13 30 


117 


121 


853 


18 


—12 30 


110 


112 


854 


18 


11 30 


123 


125 


855 


18 


10 30 


124 


126 


856 


18 


— 9 30 


124 


125 
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Tlie data of the preceding tables may be combined in va- 
rious ways. I cenceive that the presentation of the imme- 
diate and crude results of observation will not be unwelcome 
to astronomers. Tables A and B, immediately following, 
summarize them as follows: In Table A the first column 
gives the authority; the second, the number of gauges, or 
counts; the third, the number of separate pointings of the 
telescope; the fourth, the total number of stars counted (for 
Palisa and Peters, the actual number of stars counted in 
each 4™ of R. A. by 1° in Dec, has been multiplied by Sec. S 
before making the summation.); the fifth, the average num- 
ber of stars per count, or gauge; the sixth, the average num- 
ber of stars per square degree of a great circle; the seventh, 
the limits of magnitude (approximate) of the stars counted; 
the eighth, the number of stars down to each certain magni- 
tude^ which would be scattered over the whole surface of 
th.%slLjy provided, the distribution over the whole sky was 
the same as that in the special area counted; the ninth, the 
limits of declination of the special areas considered (the 
limits of R. A. being 0^ and 24^ in each case, though the 
whole 24^ in R. A. is only investigated in the first 8 horizon- 
tal lines) ; and the tenth, the actual number of square degrees 
which have been counted, and upon which the numbers in 
the eighth column depend. 

The table furnishes several simple proofs that the stars 
cannot be regarded as equably distributed in space. The 
gauges of the elder Hbrschel, numbers 13 and 14, for exam- 
ple, may be taken as two fairly comparable determinations of 
the same quantity. Any satisfactory formula should cover 
these two cases, as indeed it should cover the gauges of Sir 
John Herschbl. The first two determinations (Series 
I and II) differ from each other by over 30 per cent, of the 
smaller, and hence no expression of the form ^m ^=-ab^ will 
serve to represent the numbers of col. 8 throughout, though 
such a one may serve as far as the 11 mag. The limiting mag- 
nitudes ixx coL 7 will be fixed by the photometric determina- 
tions of the Harvard College Observatory, except perhaps, 
bhose corresponding to the Herschbl gauges. 
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In table A it is clear that the irregularity of the distribu- 
tion of the stars in R. 'A., in the various series has influenced 
the Nos. of col. 8 so that they are not comparable. The num- 
bers for Palisa's 6 inch telescope are greater than those for 
Peters. The table B gives similar data for certain of the 
authorities for every 20°^ of R. A. throughout the 24^ . All 
the counts refer to 1860.0, except those of Argelander, which 
are given for 1855.0. 

Column 1 gives the limits of R. A. : column 2 gives the av- 
erage number of stars from the first to the tenth magnitude^ 
in the Durchmusterung, quoted from the Bonn observations 
vol. 5; column 3 gives the number of counts of areas of 2^ in 
R. A. by 30', made by Dr. Palisa on his Pola maps, and 
column 5 the same datum for his Vienna maps (these in- 
clude both published and unpublished maps); column 4 gives 
the number of stars per 1° square derived from the Pola 
maps, and column G the same quantity for the Vienna maps; 
these numbers are the sum of the quantities 4 sec. S times 
the actual number of stars, divided by the number of counts; 
column 7 gives the number of square degrees counted on 
Dr. Peters' ms. maps (not including a very few of Professor 
Watson's), and column 8 gives the average number of stars 
per 1° square for Peters', derived as above; column 9 gives 
the number of gauges (not fields) counted by Sir W. Hers- 
CHEL within the R. A.'s noted, and column 10 gives the num- 
ber of stars per l'" square for Herschel. 

The limits of declination are given in Table A. I have 
not included Sir J. Herschel's gauges, as they .refer to the 
southern hemisphere only, while the others refer partly to 
the northern sky. 

The last four columns of the table give the ratios: — 

No. of stars per 1° (Herschel) divided by No. of stars per 
1° for Argelander, Palisa (Pola), Palisa (Vienna) and 
Peters, respectively. 

These ratios show again how far from uniform is the scat- 
tering of the stars. While it is true that the problem of the 
true distribution of the stars, if it is to be solved at all, must 
be solved by neglecting the individual peculiarities of small 
regions, yet it appears to be evident from the table, that 
areas much smaller than 20 in. in R. A. by 92° in declination 
mxiBt be considered. I have taken them so large in this 
table only because the counts for the Durchmusterung are 
given to every 20 m. 
17 
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XIII. TABLE OF PRECESSIONS IN RIGHT ASCEN- 
SION AND DECLINATION FOR 1880.0. 

These tables were prepared at the Washburn Observatory by Mr. Geoegb 
Cf. COMSTOCK, and they are printed in the hope that they may be found 
generally useful. 

Within the limits of declination ± 20° the precessions in R. A. were copied 
from the table given in Publicationen des Astrophysikalischen Observatory 
iums zu Potsdam^ Dritter Band, pp. 223-225. The remainder of the preces- 
sions were computed from the formulae, 

l\ a = m •\- n&ija at^d, ^ d = n cos a 

using the Struve-Peters constants. For 1880.0 



m = 3.0723. 



log n = 1.30220. 



The variation in 100 years of the precession in R. A. for a given ex and $ 
may be found approximately by dividing the precession in R A. for a 
and - ^ by 1750. 

The corresponding variation of the precession in declinatiori is — ^^^^ 
(the precession in declination). 

TABLE OF PRECESSIONS IN DECLINATION FOR 1880.0 



. 


R. A. 


Precession 


* 

R. A. 






h. ra. 


h. 


m. 


n 


h. 


m. 


h. 


m. 









24 





4-20.05- 


12 





12 









10 


23 


50 


20.04 




10 


11 


50 






20 




40 


19.98 




20 




40 






30 




30 


19.88 




30 




30 






40 




40 


19.75 




40 




20 


- 




50 




10 


19.58 




50 




10 






1 


23 





+ 19.37 


13 





11 









10 


22 


50 


19.13 




10 


10 


50 






20 




40 


18.84 




20 




40 






30 




30 


18.53 




30 




30 






40 




20 


18.18 




40 




20 






50 




10 


17.79 




50 




10 






2 


22 





+ 17.37— 


14 





10 









10 


21 


50 


16.91 




10 


9 


50 






20 




40 


16.43 




20 




40 






ao 




30 


15.91 




30 




3f) 






40 




20 


15.36 




40 




20 






50 




10 


14.79 




50 




10 






3 


21 





+ 14.18— 


15 





9 









10 


^ 


50 


13.55 




10 


8 


50 






80 




4D 


12.89 




20 




40 






30 




30 


12.21 




30 




30 






40 




20 


11.50 




40 




20 






50 


• 


10 


10.77 




60 




10 






4 


20 





+ 10.03— 


16 





8 









10 


19 


50 


9.26 




10 


7 


60 






20 




40 


848 




20 




40 


» 




90 




30 


7.67 




30 




80 






40 




20 


6.86 




40 




20 






50 




10 


6.03 




50 




10 






6 


19 





+ 5.19^ 


17 





7 









10 


18 


50 


4.34 




10 


6 


80 






20 




40 


3.48 




20 




40 






30 




30 


2.62 




90 




30 






40 




20 


1.75 




40 




20 


, 




50 




10 


0.87 




50 




10 






6 


18 





+ 0.00- 


18 





6 
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TABLE OF PRECESSIONS IN R A. FOR 1880.0. 



RA. 

for + 


S 


0° 


1'' 


2° 


3° 


4° 


5° 


6° 


r 


8° 


9° 


10° 


R. A. 

for — 5 


h. m. 


h. 


m. 


s 


s 


s 


s 


s 


s 


8 


8 


8 


s 


8 


h. m. 


h. m. 





1^ 





3.0?^ 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


8.072 


3.072 


12 


24 


10 


11 


60 


.072 


.073 


.074 


.075 


.076 


.077 


.078 


.080 


.081 


.082 


.083 


10 


23 50 


20 




40 
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.778 



2.7r4 
.771 
.768 
.766 
.764 
.768 



2.763 



14° 


15" 


16° 


17" 

s. 


8. 


s. 


s. 


3.072 


8.072 


3.072 


3.072 


.057 


.056 


.055 


.054 


.043 


.041 


.088 


.036 


.028 


.025 


.021 


.018 


3.014 


8.010 


3.005 


3.001 


2.999 


2.994 


2.988 


2.983 


2.985 


2.979 


2.972 


2.966 


.971 


.964 


.956 


.949 


.057 


.949 


.940 


.932 


.943 


.934 


.924 


.91; 


.930 


.920 


.909 


.899 


.917 


.906 


.894 


.883 
2.868 


2.905 


2.893 


2.880 


.893 


.880 


.865 


.852 


.881 


.867 


.851 


.837 


.8^9 


.854 


.838 


.828 


.858 


.842 


.825 


.809 


.847 


.b30 
2.819 


.812 


.796 
2.788 


2.837 


2.800 


.827 


.809 


.789 


.771 


.817 


.798 


.7?8 


.759 


.808 


.788 


.768 


.748 


.799 


.779 


.758 


.737 


.791 


.TTO 


.749 


.';27 


2.783 


2.762 


2.740 


2.718 


.776 


.754 


.732 


.709 


.769 


.747 


.724 


.702 


763 


.741 


.717 


.695 


.758 


.7a5 


.711 


.688 


.753 


.730 


.706 


.682 


2.749 


2.726 


2.701 


2.677 


.746 


.722 


.697 


.673 


.748 


.719 


.694 


.669 


.741 


.717 


.692 


.666 


.739 


.716 


.690 


.664 


.738 


.714 


.689 


.663 


2.73S 


2.7U 


2.688 


2.668 

1 



IS'' 



s. 
3.072 

.053 

.034 
3.015 
2.996 

.977 



2.959 
.941 
.923 
.905 
.888 
.871 



2.855 
.888 
.822 
.807 
.792 
.778 



2.764 
.751 
.739 
.727 
.715 
.705 



19^^ 



s. 
3.072 

.052 

.032 
3.012 
2.993 

.97;^ 



2.9,'53 
.934 
.915 
.896 
.877 
.859 



2.842 
.825 
.oOo 
.792 
.776 
.761 



2.74« 
.732 
.719 
.706 
.694 
.683 



2.695 
.685 
.677 
.670 
.668 
.657 



.648 
.644 
.641 
.689 
.638 



2.631 



2.673 
.668 
.654 
.646 
.639 
.633 



2.652J2.628 
.623 
.619 
.617 
.616 
.613 



30* 



s. 
3.072 

.051 

.030 
3.009 
2.988 

.967 



h. m. 


10 
20 
30 
40 
50 



2.612 



2.946 
.926 
.906 
.886 
.867 
.848 



2.829 
.811 
.793 
.776 
.759 
.743 



2.728 
.713 
.699 
.686 
.673 
.b61 



2.650 
.640 
.630 
.621 
.614 
.607 



2.602 
.598 
.594 
.690 
.588 
.587 



2.686 



R A. 

for — d. 



8 





10 
20 
30 
40 
50 



2 
10 
20 
30 
40 
50 




10 
20 
30 
40 
60 




10 
20 
30 
40 
50 




10 
20 
30 
40 
50 



6 



h. m. 
12 
11 50 
40 
30 
20 
10 



11 
10 60 
40 
30 
20 
10 



10 
9 50 
40 
30 
20 
10 



9 
8 50 
40 
30 
20 
10 



8 
7 50 
40 
30 
20 
10 



7 
6 50 
40 
80 
20 
10 



6 



266 



PUBLICATIONS OF 



20' 



TABLE OF PRECESSIONS IN R. A. FOR 1880.0. 



R. A. 

for + 6. 


20° 


21° 


22° 


23° 


24° 


25° 


26° 


27° 


28° 


29° 


30° 


R. A. 

for - 8, 


h. m. 


h. m. 


8. 


s. 


8. 


8. 


8. 


8. 


8. 


8. 


B. 


8. 


8. 


tl. m. 


h. m. 





12 


3.072 


3.072 


3.072 


8.072 


8.072 


8.072 


8.072 


3.072 


3.072'3.072 


3.072 


i2 


24 


10 


11 50 


.094 


.095 


.096 


.097 


.098 


.100 


.101 


.102 


.103 


.105 


.106 


10 


23 50 


20 


40 


.115 


.117 


.119 


.122 


.124 


.127 


.129 


.132 


.134 


.137 


.140 


20 


40 


30 


30 


.138 


.139 


.143 


.146 


.150 


.154 


.158 


.161 


.165 


.169 


.173 


30 


30 


40 


20 


.157 


.161 


.166 


.171 


.176 


.181 


.186 


.191 


.196 


.201 


.^06 


40 


20 


50 


10 


.178 


.183 


.189 


.195 


.201 


.207 


.213 


.220 


.226 


.283 


.289 


50 


10 


1 


tl 


3.198 


3.205 


3.212 


3.219 


3.226 


3.231 


3.241 


3.249 


3.256 


8.264 


3.272 


13 


23 


10 


10 50 


.218 


.227 


.235 


.243 


.251 


.260 


.268 


.277 


.286 


.295 


.304 


10 


22 50 


20 


40 


.238 


.248 


.257 


.266 


.276 


.286 


.295 


.305 


.315 


.326 


.336 


20 


40 


30 


30 


.258 


.269 


.279 


.289 


.300 


.311 


.322 


.338 


.344 


.356 


.388 


30 


30 


40 


20 


.277 


.289 


.301 


.312 


.3i4 


.336 


.348 


.361) 


.zn 


.336 


.399 


40 


20 


50 


10 


.29(5 


.309 


.3;£i ."234 


.347 


.360 


.373 


.387 


.401 


.416 


.429 


60 


10 


2 


10 


3.815 


3.329 


3.842 


3.336 


3.870 


8.334 


3.898 


3.413 


3.428 


3.443 


3.458 


14 


22 


10 


9 50 


,333 


.348 


.38 J 


.877 


.392 


.407 


.423 


.43J< 


.454 


.471 


.487 


10 


21 50 


20 


40 


.351 


.387 


.382 


.398 


.414 


.480 


.446 


.463 


.480 


.497 


.515 


20 


40 


80 


30 


.368 


.385 


.401 


.418 


.435 


.452 


.469 .487 


.605 


.523 


.642 


30 


30 


40 


sro 


.3S5 


.402 


.420 


.437 


.455 


.473 


.491' .610 


.629 


.549 .5681 


40 


20 


?0 


10 


.401 


.419 


.43? 


.456 


.474 


.493 


.513 .633 


.553 


.6*3 


.594 


60 


10 


3 


9 


3.416 


3.435 


3.464 


3.474 


8.493 


3.513 


3.533 


3.554 


3.575 


3.596 


3.618 


15 


21 


10 


8 50 


.431 


.451 


.471 


.491 


.511 


.582 


553 


.575 


.596 


.619 


.641 


10 


20 50 


20 


40 


.445 


.465 


.486 


.507 


.528 


.550 


.572 


.594 


.617 


.640 


.664 


20 


40 


30 


30 


.458 


.479 


.601 


.623 


.545 


.567 


.590 


.613 


.636 


.660 


.685 


30 


30 


40 


20 


.471 


.493 


.515 


.537 


.560 


.683 


.606 


.630 


655 


.879 


.705 


40 


20 


50 


10 


.483 


.505 


.528 


.551 


.574 


.598 


.622 


.617 


.672 


.697 


.723 


50 


10 


4 


8 


8.494 


3.517 


8.540 


3.664 


3.588 


3.612 


3.637 


3.662 


3.688 


3.714 3.741 


16 


20 


16 


7 50 


.504 


.528 


.551 


.576 


.600 


.625 


.651 


.676 


.703 


.730 


.757 


10 


19 60 


20 


40 


.514 


.537 


.662 


.587 


.612 


.637 


.663 


.690 


.717 


.744 


.772 


20 


40 


80 


30 


.522 


.546 


.671 


.697 


.62-^ 


.648 


.675 


.702 


.729 


.757 


.785 


30 


30 


40 


20 


.530 


.656 


.680 


.606 


.63-^ 


.658 


.685 


.712 


.740 


.760 


.798 


40 


20 


50 


10 


.536 


.562 


.588 


.614 


.640 


.667 


.694 


.722 


.750 


.779 


.809 


50 


10 


5 


7 


8.542 


3.568 


3.694 


3.621 


3.647 


3.676 


3.702 


3.780 


8.759 


3 788 


8.818 


17 


19 


10 


6 50 


.546 


.673 


.600 


.626 


.653 


.681 


.709 


.787 


.766 


.790 


.826 


10 


18 50 


20 


40 


.550 


.578 


.604 


.681 


.658 


.686 


.715 


.748 


.772 


.802 


.832 


20 


4Q 


30 


30 


.653 


.581 


.608 


.685 


xm 


.690 


.719 


.748 


.777 


.807 


.888 


80 


30 


40 


20 


.556 


.584 


.610 


.63-J 


.665 


.693 


.722 


.761 


.780 


.811 


.841 


40 


» 


30 


10 


.557 


.585 


.612 


.639 


.667 


.696 


.724 


.768 


.788 


.813 


.848 


50 


10 


6 


6 


8.568 


8.586 


8.613 


8.640 


3.668 


3.696 


8.724 


8.754 


8.783 


3.818 


3.844 


18 


18 



\ 



THE WASHBURN OBSERVATORY, 



26T 



TABLE OF PRECESSIONS IN R. A. FOR 1880.0 



20^ 



R. A. 

for.+ 


d 


20° 


21° 

s. 


22° 


23° 


24° 


25° 


26° 


27° 


28° 


29° 

8. 


30° 


R. A. 

for 8 


h. m. 


b. 


m. 


s. 


s. 


s. 


s. 


8. 


s. 


8. 


s. 


8. 


h. m. 


h. m.. 


12 


24 





3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


3.072 





12 


10 


23 


60 


.051 


.050 


.049 


.048 


.046 


.046 


.044 


.043 


.041 


.040 


.039 


10 


11 50 


ao! 


40 


.030 


.028 


.025 


3.023 


3.020 


3.01f< 


3.015 


3.013 


3.010 


3.008 


3.005 


20 


40 


30' 


30 


3.009 


3.005 


3.002 


2.996 


2.995 


2.991 


2.987 


2.983 


2.980 


2.976 


2.972 


30 


30 


40i 


20 


2.988 


2.983 


2.979 


.974 


.969 


.964 


.959 


.954 


.949 


.944 


.938 


40 


20 


50 




10 


.967 


.961 


.955 


.950 


.944 


.937 


.931 


.935 


.918 


.912 


.905 


50 


10 


13 


23 





2.946 


2.940 


2.933 


2.925 


2.918 


2.911 


2.904 


2.896 


2.888 


2.881 


2.872 


1 


11 


10 


22 


50 


.926 


.918 


.910 


.90^ 


.893 


.885 


.876 


.868 


.859 


.849 


.840 


10 


10 .'iO 


201 


40 


.906 


.897 


.888 


.878 


.869 


.859 


.849 


.839 


.829 


.819 


.oUo 


20 


40 


30 


30 


.886 


.876 


.866 


.855 


.845 


.834 


.823 


.812 


.800 


.789 


.777 


30 


30 


40 




20 


.867 


.855 


.844 


.8a3 


.821 


.809 


.797 


.784 


.772 


.750 


.746 


40 


20 


50 


1 


10 


.848 


.835 


.823 


.810 


.797 


.785 


.771 


.758 


.744 


.730 


.716 


50 


10 


14 


22 





2829 


2.816 


2.802 


2.789 


2.775 


2.761 


2.746 


2.732 


2.717 


2.702 


2.686 


2 


10 


10 


21 


60 


.811 


.797 


.782 


.767 


.753 


.737 


.722 


.706 


.690 


.674 


.6.58 


10 


9 60 


20 




40 


.7C3 


.778 


.763 


.747 


.731 


.715 


.698 


.682 


.665 


.647 


.630 


20 


40 


30 




30 


.776 


.760 


.744 


.727 


.710 


.693 


.675 


.658 


.640 


.621 


.603 


30 


80 


40 




20 


.759 


.743 


.725 


.708 


.«90 


.672 


.653 


.634 


.615 


.696 


.576 


40 


20 


50 




10 


.743 


.726 


.707 


.689 


.670 


.651 


.63^ 


.612 


.592 


.572 


.551 


50 


10 


15 


21 





2.728 


2.709 


2.690 


2.671 


2.651 


2.631 


2.611 


2.591 


2.570 


2.548 


2.527 


3 


9 


10 


20 


50 


.713 


.694 


.674 


.654 


.634 


.613 


.592 


.570 


.548 


.526 


.503 


10 


8 50 


20 




40 


.699 


.679 


.659 


.638 


.616 


.695 


.573 


.651 


.528 


.505 


.481 


20 


40 


30 




30 


.686 


.665 


.644 


.622 


.600 


.578 


.665 


.632 


.5* '8 


.484 


.460 


30 


30 


40 




20 


.673 


.652 


.630 


.607 


.685 


.562 


.538 


.614 


.490 


.465 


.440 


40 


30 


50 

1 




10 


.661 


.640 


.617 


.594 


.570 


.547 


.522 


.498 


.473 


.447 


.421 


50 


10 


16 


20 





2.650 


2.628 


2.605 


2.681 


2.667 


2.53> 


2.508 


2.482 


2.457 


2.431 


2.404 


4 


8 


10 


19 


50 


.640 


.617 


.598 


.569 


.544 


.519 


.494 


.468 


442 


.415 


.388 


10 


7 50 


20 




40 


.630 


.607 


583 


.658 


.583 


.507 


.481 


.455 


.428 


.401 


.372 


20 


40 


30 




30 


.621 


.598 


.573 


.548 


.622 


.496 


.470 


.443 


.416 


.388 


.359 


30 


30 


40 




2(1 


.614 


.590 


.565 


.539 


.513 


.487 


.460 


.432 


.404 


.376 


.347 


40 


20 


50 




10 


.607 


.583 


.557 


.631 


.605 


.478 


.451 


.423 


.394 


.866 


.336 


50 


10 


17 


19 





2.«02 


2.577 


2.651 


2.624 


2.497 


2.4?0 


2.443 


2.414 


2.386 


2.357 


2.837 


5 


7 


10 


18 


50 


.598 


.571 


.646 


.618 


.491 


.464 


.436 


.407 


.378 


.3t9 


.819 


10 


6 50 


20 




40 


.594 


.567 


.640 


.513 


.486 


•458 


.430 


.401 


.872 


.843 


.312 


, 20 


40 


80 




30 


.590 


.564 


.637 


.510 


.482 


.454 


.426 


.397 


.388 


.888 


.307 


30 


30 


40 




20 


.588 


.561 


.534 


.507 


.479 


.451 


.428 


.394 


.864 


.884 


.303 


40 


20 


50 




10 


.587 


.560 


.533 


.606 


.478 


.460 


.421 


.892 


:362 


.882 


.801 


50 


10 


18 


18 





2.586 


2.569 


2.582 


2.505 


2.477 


2.449 


2.420 


2.891 


2.881 


2.881 


2.300 


6 


6 



268 



PUBLICATIONS OF 



30" 



TABLE OF PRECESSIONS IN R A. FOR 1880.0. 



R.A. 
for + 


d 


30° 


31° 


33° 


33° 


34° 


35° 


36° 


37° 


38° 

8. 


39° 


40° 


R. A. 
for $ 


h. m. 


h. 


ra. 


8. 


s 


s. 


8. 


8. 


s. 


8. 1 8. 


8. 


8. 


1. m.ih. m. 





12 





3.072 


8.072 


3.072 


8.072 


3.07218.0721 


8.0723.072 


3.072 


3.072 


3.072 


12 


24 


10 


11 


50 


.106 


.107 


.109 


.110 


.112 


.113 


.115 


.116 


.118 


.130 


.121 


10 


23 50 


20 




40 


.140 


.142 


.145 


.148 


.151 


.154 


.157 


.160 


.163 


.167 


.170 


20 


40 


30 




90 


.173 


.177 


.181 


.186 


.190 


.195 


.199, .204 


.209 


.214 


.219 


30 


30 


40 




20 


.206 


.212 


.217 


.223 


.229 


.235 


.241 i .247 


.2&4 


.260 


.267 


40 


30 


50 




10 


.239 


.246 


.253 


.260 


.268 


.275 


.283 


.290 


.298 


.307 


.315 


50 


10 


1 


11 





3.272 


3.220 


3.289 


3.297 


8.306 


3.315 


1 
3.3^3.333 3.343 


3.a'>23.863 


13 


23 


10 


10 


50 


.304 


.314 


.324 


.833 


.343 


.354 


.364, .3751 .386 


.398 


.410 


10 


22 50 


20 




40 


.336 


.347 


.358 


.369 


.381 


.393 


.405' .417, .430 


.443 


.456 


20 


40 


30 




90 


.368 


.330 


.392 


.405 


.417 


.431 


.444. .458, .472 


.487 .5021 


30 


80 


40 




20 


.399 


.412 


.425 


.439 


.463 


.468 


.483' .498 


.514 


.530 


.54? 


40 


20 


50 




10 


.429 


.443 


.458 


.473 


.489 


.505 


521 


.538 


.555 


.5;'2 


.590 


50 


10 


1 

2 


10 





3.468 


3.474 


3.490 


3.606 


3.B23 


3.540 


3.558 3.576 


3.595 


3.614 


3.633 


U 


22 


10 


9 


50 


.487 


.504 


■.521 


.539 


.657 


.575 


.594 .614 


.634 


.654 


.675 


10 


21 60 


20 




40 


.515 


.5:© 


.552 


.570 


.590 


.609 


.629, .650 


.671 


.693 


.716 


20 


40 


30 




30 


.542 


.561 


.581 


.601 


.621 


.642 


.6641 .686 


.708 


.731 


755 


30 


30 


40 




20 


.668 


.589 


.609 


.630 


.652 


.674 


.697; .730 


744 


.768 


.793 


40 


20 


50 




10 


.594 


.615 


.637 


.659 


.682 


.705 


.729 


.753 


.778 


.804 


.830 


50 


10 


3 


9 


f 


3.618 


3.640 


3.663 


3.686 


3.710 


3.734 


3.759 


3.785 


3.811 


3.838 


3.866 


15 


21 


10 


8 


50 


.641 


.665 


.688 


.712 


.737 


.762 


.788 


.815 


.842 


.870 


.899 


10 


30 50 


20 




40 


.684 


.688 


.712 


.737 


.763 


.789 


.816 


.844 


.872 


.902 


.932 


20 


40 


30 




30 


.685 


.710 


.735 


.761 


.7(58 


.815 


.843 


.872 


.901 


.931 


.962 


30 


80 


40 




20 


.705 


.730 
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.897 


.855 


.812 


.767 


.721 


.673 


.623 


.571 


.517 


10 


6 50 


20 




40 


.968 


.928 


.887 


.84'> 


.801 


.766 


.709 


.660 


.610 


.558 


.508 


20 


40 


30 




30 


.960 


.920 


.879 


.838 


.792 


.747 


.700 


.651 


.600 


.548 


.493 


30 


30 


40 




20 


.955 


.915 


.873 


.830 


.786 


.740 


.693 


.644 


.593 


.540 


.485 


40 


20 


50 




10 


.952 


.911 


.870 


.827 


.783 


.737 


.689 


.640 


.689 


.536 


.481 


50 


10 


18 18 





1.951 


1.910 


1.869 


1.826 


1.781 


1.735 


1.688 


1.639 


1.687 


1.534 


1.479 


6 


6 
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TABLE OF PRECESSIONS IN R A. FOB 1880.0. 



R.A. 


























RA. 


for + ( 


5. 


50° 


5r 

s 


52° 


58° 


54° 


55° 


56° 


57° 

8 


58° 


59° 


60" 


for — S. 


h. m. 


h. 


m. 


8 


s 


8 


8 


s 


s 


B 


8 


8 


h. m. 


h. m. 





12 





3.072 


3.072 


3.072 


3.072 


3.072 


3.072 


8.072 


S.072 


3.072 


8.072 


3.072 


12 


24 


10 


11 


50 


.142 


.144 


.147 


.150 


.153 


.156 


.159 


.162 


.166 


.169 


.178 


10 


23 50 


90 




40 


.211 


.216 


.221 


.227 


.283 


.289 


.245 


.252 


.259 


.266 


.274 


20 


40 


30 




30 


.280 


.28H 


.296 


.304 


.313 


.822 


.33 J 


.841 


.352 


.883 


.875 


30 


30 


40 




20 


.349 


..3.59 


.369 


.3.S0 


.392 


.404 


.417 


.480 


.444 


.459 


.474 


40 


20 


50 




10 


.417 


.480 


.443 


.456 


.471 


.486 


.501 


.518 


.585 


.554 


.574 


50 


10 


1 


11 





3.485 


3.500 


3.515 


3.532 


3.549 


8.567 


8.585 


3.605 


3.626 


3.648 


8.672 


13 


23 


10 


10 


50 


.551 


.569 


.587 


.606 


.6i6 


.646 


.668 


.691 


.716 


.741 


.769 


10 


22 50 


20 




40 


.617 


.637 


.6.58 


.679 


.702 


.725 


.750 


.7/7 


.804 


.838 


.864 


20 


40 


30 




30 


.682 


.704 


.727 


.751* 777 


.803 


.831 


.860 


.891 


8.924 


3.959 


30 


30 


40 




20 


.746 


.770 


.796 


.822! .850 


.879 


.910 


3.942 


3.977 


4.013 


4.051 


40 


20 


50 




10 


.808 


.835 


.862 


.892, .922 


8.954 


3.88S 


4.023 


4.060 


.100 


.142 


50 


10 


2 


10 





8.869 


8.898 


3.928 


3.959 


3.992 


4.0^7 


4.063 


4.102 


4.142 


4.185 


4.230 


14 '0 


22 


10 


9 


50 


.928 


3.959 


3.992 


4.026 


4.061 


•CWo 


.137 


.178 


.222 


.268 


.317 


10 


21 50 


20 




40 


3.986 


4.019 


4.054 


.090 


.128 


.167 


.209 


.258 


.300 


.849 


.401 


20 


40 


30 




30 


4.042 


.077 


.114 


.152 


.193 


.235 


.279 


.326 


.375 


.427 


.482 


30 


30 


40 




20 


.096 


.134 


.172 


.213 .2551 


.300 


.846 


.396 


.448 


.5a3 


.561 


40 20 


50 




10 


.149 


.188 


.238 


.271 


.316 


.382 


.411 


.463 


.518 


.576 


.637 


50 10 


3 


9 





4.199 


4.240 


4.282 


4.327 


4.374 


4.422 


4.474 


4.528 


4.585 


4.646 


4.710 


15 21 


10 


8 


50 


.247 


.290 


•a34 


.880 


.429 


.480 


.584 


.590 


.650 


.718 


.780 


10 20 50 


20 




40 


.293 


.337 


.383 


.431 


.482 


.585 


.591 


.649 


.711 


.777 


.846 


20 40 


30 


30 


.336 


.382 


.430 


.480 


.532 


.587 


.645 


.706 


.770 


.838 


.909 


80i 80 


40^ 


20 


.378 


.425 


.474 


.527 


.580 


.636 


.696 


.759 


.825 


.895 


4.969 


40' 20 


50 




10 


.416 


.465 


.516 


.569 


.624 


.683 


.744 


.809 


.877 


.949 


5.025 


50 


10 


4 


8 





4.452 


4.502 


4.554 


4.609 


4.666 


4.726 


4.789 


4.855 


4.925 


4.999 


5.078 


16 


20 


10 


7 


50 


.486 


.537 


.590 


.646 


.705 


.766 


.880 


.898 


4.970 


5.046 


.126 


10 


19 50 


20 


40 


.516 


.569 


.623 


.680 


.740 


.803 


.869 


.938 


5.011 


.089 


.171 


20; 40 


30 


30 


.544 


.598 


.6o3 


.711 


.77sf 


.836 


.904 


4.974 


.049 


.128 


.212 


30 


30 


40 




20 


.570 


.624 


.680 


.740 


.802 


.867 


.935 


5.007 


.083 


.168 


.248 


40 


20 


50 




10 


.592 


.647 


.704 


.764 


.827 


.893 


.988 


.036 


.118 


.194 


.281 


50 


10 


5 


7 





4.611 


t 

4.667 


4.725 


4.786 


4.850 


4.917 


4.987 


5.061 


5.189 


5 222 


5.309 


17 


19 


10 


6 


50 


.628 


.684 


.743 


.804 


.869 


.936 


5.007 


.082 


.161 


.246 


.338 


10 


18 50 


20 




40 


.641 


.698 


.758 


.820 


.885 


.953 


.024 


.100 


.179 


.264 


353 


20 


40 


30 




30 


.652 


.709 


.769 


.831 


.897 


.965 


.037 


.113 


.194 


.278 


.368 


80 


30 


40 




20 


.660 


.717 


.777 


.840 


.906 


.974 


.047 


.123 


.204 


.289 


.379 


40 


20 


50 




10 


.664 


.722 


.782 


.845 


.911 


.980 


.053 


.129 


.210 


.295 


.386 


50 


10 


6 


6 





4.666 


4.723 


4.784 


4.847 


4.912 


4.982 


5.054 


5.131 


5.212 


5.297 


5.388 


18 


18 
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TABLE OF PRECESSIONS IN R. A. 1880.0. 



50^ 



R A. 

tOT+d 


50° 


51° 


52° 


53" 


54° 


55° 


56° 


57° 


58° 


59° 

s 


60° 


R. A. 

for — d. 


h. m. 


h. 


m. 


s 


s 


s 


s 


8 


s 


s 


s 


s 


s 


h. m. 


h. m. 


12 


24 





3.072 


3.072 


3.072 


3.072 


3.072 


3.0?^ 


3.072 


3.072 


3.072 


3.072 


3.072 





12 


10 


23 


60 


3.003 


3.000 


2.998 


2.995 


2.992 


2.989 


2.986 


2.983 


2.979 


2.975 


2.971 


10 


11 50- 


20 




40 


2.933 


2.928 


.923 


.918 


.912 


.906 


.899 


.893 


.886 


.878 


.871 


20 


40- 


ao 




30 


.864 


.857 


.849 


.841 


.832 


.823 


.814 


.804 


.794 


.782 


.770 


30 


30 


40 




20 


.79« 


.786 


.775 


.764 


.753 


.741 


.728 


.715 


.701 


.686 


.670 


40 


20* 


60 




10 


.727 


.715 


.702 


.688 


.674 


.659 


.643 


.627 


.609 


.591 


.571 


50 


10 


13 


23 





2.660 


2.645 


2.629 


2.618 


2.596 


2.678 


2.559 


2.540 


2.519 


2.496 


2.473 


1 


11 0' 


10 


22 


50 


.593 


.576 


,568 


.539 


.519 


.498 


.476 


.453 


.4i9 


.403 


.376 


10 


10 50- 


20 




40 


.527 


.608 


.487 


.466 


.443 


.419 


.394 


.368 


.341 


.311 


.280 


20 


40 


80 




80 


.463 


.441 


.417 


.393 


.368 


.<42 


.314 


.285 


.254 


.221 


.18H 


30 


30 


40 




20 


.399 


.375 


.349 


.323 


.295 


.265 


.235 


.202 


.168 


.132 


.094 


40 


20- 


50 




10 


.a37 


.310 


.282 


.253 


.223 


.191 


.157 


.122 


.084 


2;. 045 


8.003 


50 


10 


14 


22 





2.276 


2.247 


2.217 


2.185 


2.152 


2.118 


2.081 


2.043 


2.003 


1.960 


1.915 


2 


10 0» 


10 


21 


50 


.216 


.185 


.153 


.119 


.081 


2.046 


2.007 


1.966 


1.923 


.877 


.828 


10 


9 60> 


20 




40 


.158 


.125 


.091 


2.056 


2.017 


1.977 


1.935 


.892i .845 


.796 


.744 


20 


40 


80 




80 


.102 


.067 


2.031 


1.992 


1.962 


.910 


.866 


.819| .770 


.718 


.663 


30 


90 


40 


1 


20 


2.048 


2.011 


1.972 


.932 


.890 


.846 


.798 


.750' .697 


.642 


.584 


40 


20 


50 




10 


1.996 


1.957 


.916 


.874 


.829 


.782 


.733 


.682 


.627 


.569 


.508 


50 


10 


15 


21 





1.946 


1.905 


1.863 


1.818 


1)771 


1.722 


1.671 


1.617 


1.559 


1.499 


1.435 


3 


9 


10 


20 


60 


.898 


.855 


.811 


.764 


.716 


.666 


.611 


566 


.495 


.432 


.365 


10 


8 50 


20 




40 


.852 


.oOo 


.762 


.713 


.663 


.610 


.564 


.495 


.433 


.368 


.298 


20 


40 


80 




30 


.806 


.763 


.715 


.666 


.612 


.658 


.600 


.439 


.875 


.307 


.235 


SO 


30 


40 




20 


.767 


.720 


.671 


.619 


.566 


.608 


.449 


.886 


.320 


.250 


.176 


40 


20 


60 




10 


.729 


.680 


.629 


.576 


.520 


.462 


.401 


.336 


.268 


.196 


.119 


50 


10 


16 


20 





1.693 


1.643 


1.590 


1.536 


1.479 


1.419 


1.356 


1.289 


1.219 


1.145 


1.067 


4 


8 


10 


19 


50 


.669 


.608 


.555 


.499 


.440 


.879 


.314 


.246 


.174 


.099 


1.018 


10 


7 50 


20 




40 


.628 


.576 


.521 


.464 


.406 


.342 


.276 


.207 


.133 


.056 


0.974 


20 


40 


80 




SO 


.600 


.547 


.491 


.438 


.372 


.808 


.241 


.170 


.096 


1.017 


.933 


30 


30 


40 




20 


.675 


.621 


.464 


.405 


.343 


.278 


.210 


.138 


.062 


0.982 


.896 


40 


20 


50 




10 


.553 


.496 


.440 


.380 


.317 


.251 


.182 


.109 


.032 


.950 


.864 


50 


10 


17 


19 





1.583 


1.478 


1.419 


1.369 


1.295 


1.228 


1.158 


1.084 


1.006 


0.923 


0.836 


5 


7 


10 


18 


50 


.517 


.461 


.402 


.340 


.276 


.208 


.187 


.062 


0.984 


.900 


.812 


10 


6 50 


20 




40 


.508 


.446 


.387 


.325 


.260 


.192 


.120 


.045 


.966 


.881 


.792 


20 


40 


80 




80 


.493 


.435 


.876 


.318 


.248 


.179 


.107 


.031 


.961 


.866 


.777 


30 


30 


40 




SO 


.485 


.428 


.868 


.306 


.239 


.170 


.096 


.022 


.941 


.866 


.766 


40 


20 


60 




10 


.481 


.423 


.363 


.300 


.234 


.166 


.092 


.016 


.935 


.850 


.759 


50 


10 


18 


16 





1.479 


1.421 


1.861 


1.298 


1.232 


1.163 


1.090 


1.014 


0.933 


0.847 


0.757 


6 


6 
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XIV. DETERMINATION OF THE VALUE OF ONE 
REVOLUTION OF THE SCREW OF A SPHERO- 
METER MADE BY FAUTH AND CO., OF WASH- 
INGTON, BY C. M. CONRADSON. 

The spherometer is figured in position on page 42. It 
consists of a light German silver tripod carrying a steel mi- 
crometer screw. The weight of the whole spherometer is 
about one and a half ounces. The three legs are made of steel, 
and screw into the German silver frame. Their points are 
not hardened. The angle of these points is about 35°; of the 
point of the micrometer screw about 60°. All slack-motion 
of the screw is taken up by by a second nut. Those who 
are interested can see a figure of a similar device in the Ar- 
ticle Micrometer in the Encyclopaedia Britannica. vol XVI, 
page 244, figure 5 {n n). 

CONSTANTS OF THE SPHEROMETER. 

We may call the three legs of the tripod a, 6, c; a, is the 
leg to which the scale for reading whole revolutions is fixed, 
b is next to a in the order of decreasing readings of the mi- 
crometer head. 

r'= distance trom center of screw to leg a=l .30 inches. 

r"= distance from center of screw to leg 5=1.32 inches. 

r'" = distance from ce2iter of screw to leg c— 1 .81 inche& 

h'=: distance which can be measured above the plane a&c=0.50 inches. 

h"= distance which can be measured helow the plane abc=0.25 inches. 

Diameter of screw=0.16 inches; 100 threads to the inch 
(approximately); length of nut=0.54 inches. 

The distances from leg to leg are: a6=2.295 inches, bc= 
2.220 inches; da=2.290 inches. The radius of the circle, 
through the legs is therefore 1.310 inches, and the center of 
the micrometer screw is therefore 0.010 from the centre of 
the circle through the legs. 

OBSERVATIONS. 

The observations consisted in measurement of the heights 
of two brass cylinders with plane ends, the property of Prof. 
Harkness, U. S. Navy, and kindly lent by him. The large 
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cylinder is denoted by A; the small cylinder by B. The log- 
arithms of the heights of the two cylinders in inches are 
respectively 9.41486 and 9.G9787.* The corrections to the 
heights of A. and B, for temperature have been neglected, 
as being almost inappreciable. The whole range of temper- 
ture was less than 7". The zero of the spherometer was 
determined by taking readings upon a true plane of metal. 
The observations were made by taking a set of ten readings 
upon one of the cylinders, then a set of ten upon the plane 
surface, and then a set of ten upon the other cylinder, so 
that there are thirty measures in a complete set. 

Table I contains a summary of these measures. The 
columns headed A and B contain the heights of the two 
cyUnders in terms of a revolution of the spherometer screw. 
Each value as there given is the mean of ten measures. 



TABLE I. 



No. 


Date. 


I 

F. 

67° 


A. 


B. 


No. 


Date. 


F. 

68" 


A. 


B. 


1 


1882. 
Sep. 28 


r. 

49.7864 


r. 
25.9551 


13 


1882. 
Oct 4 


49.7829 


25.9499 


2 


28 


68 


.7834 


.9548 


14 




69 


.7810 


.9464 


3 


28 


65 


.7850 


.9561 


15 


11 


64 


.7814 


.9541 


4 


28 


66 


.7874 


.9541 


16 


11 


64 


.7803 


.9523 


5 


29 


66 


.7862 


.9566 


17 


11 


63 


.7794 


.9462 


6 


29 


67 


.7849 


.9507 


18 


11 


64 


.7793 


.9424 


7 


29 


67 


.7845 


.9527 


19 


12 


65 


.7814 


.9450 


8 


30 


66 


.7832 


.9499 


20 


12 


65 


.7861 


.9426 


9 


80 


67 


.7826 


.9505 


21 


12 


65 


.7819 


.9429 


10 


Oct. 2 


70 


.7869 


.9536 


22 

j 


12 


65 


.7779 


.9402 


11 


2 


69 


.7846 


.9496 


\ 28 

1 


12 


66 


.7827 


.9454 


12 


Oct 3 


69 


49.7841 


25.9536 


24 


Oct. 12 


66 


49.7809 


25.9420 



*See Washington Astronomical Observations for 1877, Appendix I, page 6, 
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Table II contailis the probable error of the measures from 

which the results in Table I are derived. 

I 

TABLE II. 



No. 


A. 
p. e. of the mean 
of ten measures. 


A. 

p. e. of a single 

measure. 


B. 
p. a of the mean 
of ten measures. 


B. 

p. e. of a single 
measure. 


1 


r. 

±0.0001 


±0.'0003 


r. 

±0.0005 


±0.0014 


2 


.0005 


.0015 


.0005 


.0015 


3 


.0005 


.0015 


.0008 


.0024 


4 


.0003 


.0009 


.0006 


.0017 


5 


.0005 


.0014 


.0004 


.0014 


6 


.0006 


.0020 


.0007 


.0021 


7 


.0005 


.0014 


.0004 


.0013 


8 


.0008 


.0025 


.0007 


.0021 


9 


.0008 


.0025 


.0006 


.0020 


10 


.0009 


.0028 


.0008 


.0023 


11 


.0007 


.0021 


.0009 


.0028 


12 


.0002 


.0007 


.0005 


.0014 


13 


.0005 


.0014 


.0003 


.0010 


14 


.0005 


.0017 


.0007 


.0022 


15 


.0005 


.0017 


.0008 


.0024 


16 


.0005 


.0016 


.0009 


.0026 


17 


.0006 


.0020 


.0004 


.0011 


18 


.0006 


.0019 


.0006 


.0020 


19 


.0007 


.0023 


.0006 


.0019 


20 


.0005 


.0016 


.0006 


.0019 


21 


.0009 


.0029 


.0007 


.0020 


22 


.0005 


.0016 


.0009 


.0026 


23 


.0010 


.0032 


.0008 


.0025 


24 


±0.0012 


±0.0037 


±0.0005 


±0.0016 



One revolution is about 0.01 inches. 
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From the data in Table I and the height of the cylinder 
in inches, the individual determinations of one revolution of 
the spherometer screw in inches are deduced. These follow, 
in Table III. 

Table III. 





One Revolution. 




One Revolution. 


No. 


Temp. 


A. 


R 


No. 


Temp. 


A. 


B. 


• 1 


o 

67 


in. 
0.010018 


in. 
0.010015 


13 


o 

68 


in. 
0.010018 


in. 
0.010017 


2 


68 


.010018 


.010015 


14 


69 


.010019 


.010018 


8 


65 


.010018 . 


.010014 


15 


64 


.010018 


.010015 


4 


66 


.010017 


.010015 


16 


64 


.010019 


.010016 


5 


66 


.010018 


.010014 


17 


63 


.010019 


.010018 


6 


67 


.010018 


.010016 


18 


64 


.010019 


.010020 


7 


67 


.010018 


.010016 


19 


65 . 


.010018 


.010019 


8 


66 


.010018 


.010017 


! 20 


65 


.010018 


.010019 


9 


67 


.010018 


.010016 


21 


65 


.010018 


.010019 


10 


70 


.010018 


.010015 


22 


65 


.010019 


.010024 


11 


69 


.010018 


.010017 


23 


66 


.010018 


.010018 


12 


69 


0.010018 


0.010015 


24 


66 


0.010019 


0.010020 



In the course of the measures on cylinder B it was dis- 
covered that the two plane surfaces were not parallel to 
each other at all points. The results derived from the 
measures on B are assumed to be entitled to half weight. 
From an inspection of Table III, it will be seen that the 
range of temperature is too small to allpw us to deduce a 
temperature co-eflScient, and consequently taking the mean 
of the individual values we have. 

One revolution = 0.010018 inches at 66 ° Fahr. 

The probable error of this result is not above 0.000001 in. 
The observations were made in the most careful way and 
with every precaution against constant errors. 
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In connection with the foregoing work, a series of meas- 
ures was made by Mr. Conradson, to determine the length 
of a Pratt and Whitney standard half -inch belonging to 
Professor Holdbn. These measures and their results are 
given in Table IIII. 

TABLE IV. 



No. 


Date. 


Temp. 
> 


Revolutions, 


Inches. 


1 


1883. 
Jan. 8 




60 


r 
49.8973 


in 
0.499878 


2 


8 


60 


.8956 


.499854 


3 


8 


59 


.8981 


.499879 


4 


8 


59 


.8980 


.499878 


5 


8 


59 


.8988 


.499886 


6 


8 


59 


.8995 


.499898 


7 


8 


59 


.8989 


.499888 


8 


8 


58 


.8960 


.499869 


9 


8 


58 


.8980 


.499889 


10 


Jan. 10 


53 


49.9000 

^ 


0.499899 



The length of this end-measure is then 0.499881 in., at 58"" 
F. log 9.698867. 
The probable error of the result is about 0.000003 in. 
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XV. ON A NEW METHOD OF OBSERVING WITH 
THE PRIME VERTICAL TRANSIT, BY GEORGE C. 
COMSTOCK. 

More than half a century ago Bessel introduced into prac- 
tical astronomy the observation of stars by reflection from 
mercury, and the method has come into common use in 
meridian observations, but so far as I am aware, it has never 
been applied to transits over the prime vertical.* It is the 
purpose of this article to indicate the value of such observa-. 
tions and to develop the f ormulsB for their reduction. 

Let a and 6 denote the altitude and azimuth of the point 
in which the rotation axis of a transit instrument, mounted 
approximately in the prime vertical, intersects the celestial 
sphere when produced toward the north. Denote by A^ t, 
and z the azimuth, hour-angle, and zenith-distance of a star 
at the instant of its transit over a thread whose angular dis- 
tance north of the collimation axis is c. Azimuths will be 
reckoned from the north point towards the east, and hour- 
angles from the meridian towards the west. Let T be the 
true sidereal time of transit of a star whose co-ordinates are 
a and d, over the thread c. 

The general equation of the transit instrument as devel- 
oped by Bessel {Astr. Nach, 6, p. 221; Abh. 64, vol. ii, p. 45), 
furnishes the relation 

sin. z cos. b cos (A — a) + cos z sin b + sin c = (1.) 
between these quantities. D3 veloping the first term of this 
equation and substituting for sin z cos A and sin z sin A 
their values in terms of (p, d, and t, we shall have for eac h 
observed wire an equation of the form 

cos d sin (p cos t — cos ^ tg a sin t = sin d cos (p + 

cos z sin b sin c /« x 

r-H ^ (2.) 

COS a cos b cos a cos b 

which expresses the relation among the quantities for both 
direct and reflex observations. These several equations may 

* The method was proposed and its advantagos stated in Washington 
Astronomical Observations for 1845, page [ ix] but no practical applic ation 
of it was made at Washington. — E. S. H. 
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be united into one by the method given in Bessel's article 
above cited. If n denote the number of threads observed at 
a transit of the star over one vertical, the mean of the n re- 
sulting equations will be 

cos S sin cp — ^cos t — cos S tg a — ^sin t = sin d cos <p + 

n n 

sm b — vcos z — :s sm c /o 
n n l^- 

cos a cos b "^ cos a cos b 
For any thread, t is found from the equation 

t = T — a. 

Putr=:-L:sr— a. h = t--r=r— 1-2 T 
n n 

and the first member of equation (3) becomes 

(cos d sin o) cos r — cos ^ tg a sin r) — s cos h — 

' n 

(cos 6 sin (p sin r + cos d tg a cos r) _:s sin h 



n 



Assume the auxiliary quantities. 

q cos ^ = sin ^ -— cos K = —^ cos h 

K n 

1 1 

q sin </* = tg a -r- sin K = — _ ^ sin h 

K n 

and the proceeding expression becomes 

cos d sin (p cos (r + ^ — K) ^. o. 

k cos tp ^ 

sin b — ^2 cos z — - ^ sin c 

^ ^ (5) 



+ 



cos a cos b cos a cos b 

The quantities k and K are easily obtained with the ar- 
gument h from the tables given by Bessel and reproduced in 
Chauvenet's Spherical Astronomy. 



k= 1 + — '2 ^ .sin 1 



K = 



-< 




2 


sin " 


1 


.h 


1 


-s 






2 




n 






sm 


r 






1 


2 


(h- 


sin 


h) 




n 











sin r 
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The equation (5.) is readily transformed into 

Sin {(p — 5) = cos (J sin <p 2 sin ^^ {r + tp — K) 
sin h - ^ cos z -2 sin c 



cos a cos b cos a cos b 

— cos 6 sin q} cos (r+ ^— -K) _:r_22?JL. 

k cos f 

The last term in this expression may be made to disappear 
by computing the quantity. 

[ 2 sin •-'i ^ 1 2 sin ^j h i 

sin V '" "^ ^ sin 1^ J 

By the aid of which (6) is transformed into 

sin {(p — m) = cos (J sin <?> 2 sin "ij- (r -f ^ — K — a) 

sin b ~ 2 cos z - 2 sin c 

+ ^-^ (7) 

cos a cos a 

in which cos b has been put equal to 1. 

By observing a star at its transit over the east and west 
verticals and by reversing the instrument between the tran- 
sits, errors of azimuth, coUimation and thread intervals may 
be eliminated, and errors of level are the only ones of a 
systematic character with which the results of a well ar- 
ranged series of prime vertical transits are affected. Equa- 
tion (7.) shows that if an equal number of threads are 
observed direct and reflected, this source of error will also 
be removed, since in that case :s cos z will differ very little 
from zero, and being multiplied by the small quantity 6, it 
may usually be assmned zero. 

Should an extreme case require it ^ cos z is easily com- 
puted from the readings of the setting circle. 

The advantages of a broken transit for reflex observa- 
tions are obvious and the formula shows that the principal 
flexure term of such an instrument, which is of the form 
f cos z, is also eliminated. 

The reduction of the reflex observations will be made in 
precisely the same way as the direct ones, the observed 
times T, both direct and reflex, being united into one mean 
thus avoiding the necessity of reducing each wire separ- 
ately. 
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Formula (7) has been developed for the case of a transit 
over one vertical in order to show that the inclination of the 
axis may be eliminated for each vertical by a proper com- 
bination of observations and that no assumption need be 
made in regard to the stability of the instrument in level 
between the transits over the east and west verticals. 

The formulae for the ordinary case of a transit over both 
the east and west verticals are easily derived from the pre- 
ceding equations. 

Put r, = 1 :2'T, — K, — 0-1 — a 
n 

Ta = -^-2 Tj, — Ka — (Ta — a 

in wiybh tbe subflcripifi 1 and t refer respectively to the 
transits over the east and vsrest verticals. We have then: 

sin ((^ — 5)= cos d sin <p\l — cos (ri + ^)] 

- 2 cos Zi ~ -2^ Ci 

+ 5 b, sin 1" + 5 sin 1" 

cos a cos a 

sin {<p — 5) = cos 6 sin <p [1 — cos ( r^ 4- ^) ] 

- :S cos Za - 2 Ca 

+- ,,,, ba Sin 1" + '^— -Sin 1" 
COS a cos a 

Denoting by ;/, and y^ the sum of the terms depending 
upon b and c for the east and west transits respectively, the 
mean of these equations gives 

sin (9> — <y) = cos(Jsin^ri— cos(i:^-^^ + ^) cos l^^~^^) I 



+ 2 



(8.) 

2sinH (-^^-^ +^ 

Put now GD =« cot i (Tj — r, ) ^ . -^ 

^ sm 1 

And equation 8 becomes 

sin(a>— <y)=cos(ysin<?> 2sinH (^^ +o^) + i (^2 + rO (9.) 

The term i (;/'2 + ;^i) may be made to disappear by properly 
combining the observations, as has been already indicated. 
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If the instrument is properly adjusted, the quantity ^ in i^ 
expression for go may be neglected, and the formulae 
reduced to 

2 sm ' i— 9- 

c»=*cot i (Ta — ri) . _1_ 

sin 1" 

sin (^ — <y) = cos d sin 9> 2sinHl-^-« — ^+ <»l 

Tg 1 /l 1 \ 

For — 2 — ^® may writei I— ^ r2 + — 2 Til — a and for 

in which the quantities Ki and K2 will usually be insensible. 
It is evident that those stars for which 9 — ^ is very small; 
cannot be observed in the prime vertical by reflection, 
and it is a matter of some interest to know how great must 
be the difference between the declination and latitude to 
allow such observations to be made. This will depend 
mainly upon the distance from the objective of the tele- 
scope at which the mercury basin can be placed. A simple 
geometrical construction will show that the limiting value of 
z for which the reflected rays from the star will fall upon 
every portion of the objective is given approximately by the 

equation sin z = -~ . 

Where a is the diameter of the object end of the telescope 
and d is the vertical distance of the center of the objective 
above the reflecting surface. From the figures contained in 
the Description de V Ohservatoire de Pulkova and the first 
volume of the Washington Observations, 1 have computed 
for the prime vertical instruments of those two observato- 
ries the limiting values of q) — d within which reflex obser« 
vations cannot be made in the prime vertical, using for d 
the distance from the objective to the floor when the tele- 
scope is pointed to the nadir. I find for 

Pulkova, <p — (^=0.°6 z = 6.°l. 
Washington, (p — (^ == 0.2 z = 3.9. 



N 
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The quantity z is the corresponding zenith distance in the 
prime vertical. 

In investigations in which the highest degree of accuracy is 
sought, such as the determination of the constant of aber- 
ration, annual parallax, etc., the elimination of the inclina- 
tion of the rotation axis is a matter of prime importance, 
and the increased labor of the observations will be well re- 
paid by the removal of one source of error. In the case of 
field instruments of the ordinary construction the limits of 
declination imposed upon the method may be such as to 
prevent its convenient application, but with the Steinheil 
broken transit/ in which the objective and ocular are at the 
extremities of the axis, I see no reason why it should not be 
employed in the field. 

October, 1883. 
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XVI. INVESTIGATION OF THE MICROMETER OF 
THE FIFTEEN INCH EQUATORIAL, BY MR. JOHN 
TATLOCK. 

The screw of this micrometer, which was made by Clark, 
was investigated by Professor Holden at Washington in 
February 1881, on the " Ruled Glass Scale Micrometer," be-^ 
longing to the United States Naval Observatory. The 
method of making the observations is fully detailed in the 
Washington Observations for 1877. — Appendix I. The ob- 
servations have been reduced by Mr. Tatlock. 

The value of one revolution of the screw of this Micro- 
meter is 10''.48. The object of the investigation was: First i 
To determine the inequalities of the several whole revolutions 
from 43^ to 87'" . Second: To determine the periodic errors 
of the part of the screw most used. Third: To determine 
the length of the mean revolution in inches at 32° Fahren- 
heit. Table I contains the corrections required to reduce 
each revolution of the screw to the mean value of a single 
revolution derived from all the observations. Table la con- 

m 

tains these corrections for those revolutions which were twice 
measured, and the mean of the two. 

The probable error of each single correction in these tables 
is ± 0\02. 

These tables especially the table la, show that the data 
are not suflficient to determine deflbaitive corrections to each 
whole revolution, and they also show that such corrections 
are very small. 

To determine the periodic inequalities of the screw, the 
length of every tenth of a revolution was determined. Table 
II contains the residuals found by subtracting the individual 
values of one-tenth revolution from the mean value. Tho 
probable error of a single measure is about 0''.02, and of the 
mean of 10 about 0^006. 
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TABLE I. 



Revolu- 
tions. 


Correc- 
tions. 


Revolu- 
tions. 


Correc- 
tions. 


Revolu- 
tions. 


Correc- 
tions. 


r r 
43-44 


—0.068 


r r 

58—59 


1 

n 

—0.021 


i r r 
73—74 


It 
+ 0.021 


44-^45 


-h0.042 


59—60 


—0.031 


74—75 


—0.042 


45-46 


—0.052 


60—61 

1 


+0.105 


75 76 


+0.021 


46-47 


0.000 


61—62 


—0.021 


76—77 


0.000 


47—48 


-0.021 


62—63 


—0.021 

1 


77—78 


—0-021 


48-49 


H-0.042 


63—64 


+0.031 


78-79 


+ 0.063 


49—50 


+0.031 


64—65 


—0.084 


79—80 


0.105 


50—51 


—0.042 


65—66 


0.010 


80—81 


-f0.021 


51—52 


—0.031 


66—67 


+ 0.031 


81—82 


+0.094 


52—53 


—0.010 


67 68 


+ 0.021 


82—83 


—0.031 


53—54 


—0.052 


68-69 


+ 0.010 


83—84 


+0.042 


54—55 


—0.021 


69—70 


+ 0.010 


84-85 


0.063 


55—56 


+0.084 


70—71 


—0.021 


85—86 


—0.042 


56—57 


—0.052 


71-72 


—0.010 


86—87 


+ 0.042 


57—58 


0.010 


^ 72-73 


+0063 


— -■■■ 4—:- 





TABLE la. 



Revolutions. 



r. r. 
63^64* 

64—65 

65—66 

66—67 

67—68 

70—71 

71—72 

72—73 



Corrections. 



+ 0.031 
—0.084 
—0.010 
+0.031 
+ 0.021 
—0.031 
—0.021 
+0.052 



Corrections. 



—0.021 

+ 0.021 

0.000 

+ 0.010 

0.000 

0.000 

—0.021 

+ 0.021 



Mean. 



+ 0.005 
—0.031 
—0.005 
+0.020 
+0.010 
—0.015 
—0.021 
+0.036 
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If we ajssume that the correction for the periodic error of 
the screw can be expressed by an equation of the form 
m = a sin u + b cos u where ni is the correction, u is the 
angle through which the screw is turned, and a and 6 co- 
efficients, and if we determine the values of a and b from 
the data in Table II, we shall find that the maximum value 
of the correction does not amount to 0\02. We may safely 
say that the periodic inequalities of this screw, from 63^ to 
73'" , are far less than the accidental errors of the measures 
which can be made with it, and need not be further con- 
sidered. 

In order to determine the value of the mean revolution of 
the screw in inches, we assume the coefficient of expansion 
of the steel screw, which is 0.00000680, so that the length of 
one revolution of the screw at t° Fahrenheit is (assuming its 
length at 32° Fahrenheit as unity), 1+0.00000680 (t°— 32°), or 
1+ [4.832509] (t°— 32°). 

Table III. LENGTH OF ONE REVOLUTION IN INCHES. 



Date, 1881. 


Temperature. 


Limiting Rev- 
olutioES. 


No. of Revolu- 
tions. 


No. of Scale 
Divisions. 


No. of Revolu- 
tions at 32** Fr. 


.sfi 

1^ 


1 Revolution 
at 32*' Fr, 


+5 


Feb. 15 


o 

59.0 


r r 

78—85 


7 


d 

4.408 


r 
7.001285 


0.087673 


■ ■ ■ 1 
in. 
0.01250 




15 


59.0 


85—88 


3 


1.892 


3.000551 


0.037630 


0.01254 




15 


59.0 


43—88 


45 


27.717 


46.008262 


0.551277 


0.01225 




16 


60.0 


43—46 


3 


1.891 


3.000571 


0.037611 


0.01254 




16 


61.0 


46—53 


7 


4.399 


7.001380 


0.087495 


0.01250 


*•*• 


16 


61.0 


53—59 


6 


3.775 


6.001183 


0.075084 


0.01250 




16 


62.0 


59—65 


6 


3.770 


6.001224 


0.074985 


0.01250 




16 


62.0 


65—72 


7 


4.393 


7.001428 


0.087876 


0.01248 


^ 


16 


62.0 


72—78 


6 


3.764 


6.001224 


0.074865 


0.01248 




18 


59.0 


63 69 


5.8 


8.640 


5.801065 


0.072898 


0.01248 




21 


64.0 


69—78 


3.7 


2.820 


3.700805 


0.046145 


0.01247 




21 


64.5 


43 88 


4.5 


27.716 


45.009945 


0.552058 


0.01226 


9 


25 


58.5 


20-^5 


24.649 


15.499 


24.653442 


0.808625 


0.01251 


5 
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Taking the mean by weights, we conclude that the value 

of one revolution in inches at 32° F. = 0.012369, log. 8.092335, 

The focal length of the telescope at 32'' F. is then 243.44. in. 

INVESTIGATION OF THE POSITION CIRCLE. 

The position circle of the micrometer was investigated by 
Mr. Tatlock, on February 10, 1884, by setting Vernier A at 
every 10° of the circle and noting the corresponding read- 
ings of Vernier B. These observations are given in the fol- 
lowing table. Each reading there set down is the mean of 
three separate settings and readings. 



Ver. A 


Ver. B 


Ver. A 

o . 


Vei 

1 


r. B 


Ver. A 


Ver. B 


o 


o 


/ 


o 


o 


o 


/ 





179 


56.0 


120 


299 


56.7 


240 


59 


56,7 


10 


189 


55.3 


130 


309 


54.0 


250 


69 


56.7 


20 


109 


55.7 


140 


319 


55.7 


260 


79 


57.0 


30 


209 


55.3 


150 


329 


55.3 


270 


89 


55.7 


40 


219 


55.0 


160 


339 


56.0 


280 


99 


57.8 


50 


229 


55.0 


170 


349 


56.0 


290 


109 


58.0 


60 


239 


54.3 


180 


359 


56.0 


300 

• 


119 


57.0 


70 


249 


54.7 


190 


9 


57.« 


310 


129 


58.7 


80 


259 


54.3 


200 


19 


56.3 


320 


139 


58.7 


90 


269 


54.7 


210 


29 


56.7 


330 


149 


56.3 


100 


279 


55.3 


220 


^ 39 


57.0 


340 

1 


159 


56.7 


110 


289 


54.7 


230 


49 


56.3 


350 


169 


56.3 



Where the observations are recorded to the nearest 0°.l, 
as is usual, either vernier may be employed. For readings 
to single minutes both verniers must be read. 

19 
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XVII. METEOROLOGICAL OBSERVATIONS AT 
MADISON, DURING 1882-1883. 

In continuation of the data for the years 1872-1881, inclus- 
ive, given in Publications of the Washburn Observatory, Vol. 
I, page 169, et seq,, I give here the data for the years 1882 and 
1883. From 1882 January 1, to 1883 March 31, they are de- 
rived from observations taken at the U. S. Signal Station, in 
the City of Madison, by the Signal Observer, Mr. C. A. 
Shaw. Oh 1883, April 1, the Signal Station in Madison was 
abandoned, and the instruments were transferred to the 
University. They were temporarily mounted on the roof of 
the North Dormitory and the observations of 1883 May 1 to 
1883 July 31, were made there by Mr. J. C. Officer, a stu- 
dent at the University. 

In August they were mounted at the Observatory^ where 
they will remain. The observations of August to Decem- 
ber 12, 1883, were made by Mr. Tatlock, assistant, and 
since then by Mr. George W. Brown, a student in the 
University. 

The instruments are 1st, a large Signal Service Wind 
Vane. This is mounted on the east wing and the arrow is 
some forty feet above the ground. The exposure is good ex- 
cept that the dome makes a lee for westerly winds. The 
small vane on the Student's Observatory can be used as' a 
check. The large vane is read by means of a, dial and 
pointer in the ceiling of the bed room assigned to the me- 
teorological observer. 

2d. A Robinson's anemometer on the southeast angle of 
the building. Its revolving cups are 38 feet above the ground. 
It is in the lee of the dome (some 70 feet distant) for westerly 
winds. The anemometer is of the Signal Service pattern and 
automatically registers each mile of wind traveled on a 
chronograph barrel in the hall. 

3d. A rain guage is placed on the roof near the anemom- 
eter. It is 24 feet above the ground. A rain guage on the 
ground has also been read at times. 
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4th. Two mercurial barometers are hung in the clock 
room. Their cisterns are 961 feet above sea level. The ob- 
servatory barometer has been moved to the Meridian Circle 
room. 

5th. Wet and dry bulb thermometers are placed in the 
Thermometer Shelter outside of the Meridian Circle room. 
These instruments are the property of the U. S. Signal Serv- 
ice, and are additional to the instruments of the Observa- 
tory described in vol. I., p. 31. The observations are made- 
at 7 A. M., 2 P. M., and 9 P. M. daily, local mean time. 

It should be noticed that the mean daily barometer and the 
mean daily thermometer relate to the civil day beginning at 
12 midnight. The Maximum and Minimum thermometers 
relate to the day from 9 P. M. to 9 P. M. The maximum vel- 
ocity of wind, and the number of miles traveled by the wind 
relate to the day from 2 P. M. to 2 P. M. 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF JANUARY, 1882. 



Day. 


Mean daily 
barometer. 


Maximum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature. 


S'2 i 
Miles. 1 


Wind, number 
of miles trav- 
eled. 


Rainfall. 


t 


Inches. 


o 


o 

1 


J 


1 


Inches 


1 


29.097 


22 


7 


15.3 


22 


220 




2 


29.078 


24 


15 


17.3 


9 


122 


.01 


3 


29.285 


25 


10 


17.3 


14 


181 




4 


29.381 


25 


18 


21.0 


22 


262 


^ 


5 


29.236 


35 


19 


27.0 


15 


150 


• ••••• 


6 


28.920 


37 


24 


31.3 


15 


218 


.10 


7 


28.796 


38 


31 


35.0 


15 


207 


.06 


8 


28.805 


35 


23 


29.7 


24 


309 


.02 


9 


29.128 


41 


24 


33.0 


20 


228 




10 


28.986 


37 


29 


82.7 


12 


131 


.49 


11 


29.188 


34 


23 


28.7 


16 


188 


.15 


12 


29.190 


32 


9 


22.7 


12 


106 




13 


28.802 


35 


8 


24.0 


28 


245 


.06 


14 


28.854 


26 


5 


14.3 


23 


297 




15 


28.815 


33 


20 


25.3 


24 


228 




16 


29.191 


22 


1 


5.0 


25 


249 




17 


29.155 


17 


~6 


5.7 


20 


268 




18 


28.940 


27 


9 


17.0 


24 


329 




19 


29.132 


30 


6 


19.0 


15 


172 




20 


28.881 


37 


17 


31.0 


14 


196 


* 


21 


28.990 


85 


14 


25.0 


32 


342 


* 


22 


29.482 


15 


2 


6.7 


24 


288 




23 


29.627 


7 


—8 


—0.3 


13 


209 




24 


29.186 


29 


3 


21.7 


18 


243 


.02 


26 


28.661 


42 


28 


87.7 


17 


256 


.09 


26 


28.651 


48 


26 


37.0 


38 


■ 278 


.33 


27 


29.090 


41 


19 


32.0 


16 


213 




28 


29.108 


36 


3 


15.7 


32 


462 




29 


29.348 


19 


1 


11.3 


U 


281 




30 


28.919 


38 


16 


27.3 


25 


328 




31 


28.676 


34 


23 


27.7 


12 


174 




Means. 


29.052 


30.8 


13.1 


22.4 


1 Sums. 


7480 


1.33 



Highest barometer, 29,679 in.; lowest, 28.307 in.; highest temperature^ 
48°; lowest — 8.0°, maximum velocity of wind, 38 miles; prevailing winds 
S., N. W. and W.; No. of cloudy days, 10; Na of fair days, 17; No. of clear 
days, 4; range of thermometer, 56°; range of barometer, 1.372 in. 

Memoranda. No. of times wind blew from N., 8; E., 3; S., 26; W.. 17; 
N. E., 8; S. E , 10; S. W., 11; N. W., 16. (Observed every eight hours.) 

* Precipitation too small to measura 
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METEOROLOGICAL RECORD FOR THE MONTH OF FEBRUARY, 1882. 







im 
meter. 


m 
meter. 


Kg 

'3^ 


m ve- 
wind. 


umber 
s trav- 




p 


m Co 

I-" 


2 o 

15 










1 




Inches. 


o 


o 


o 


Miles. 




Inch's 


1 


28.824 


35 


26 


30.0 


25 


329 




2 


28.892 


40 


24 


32.0 


.25 


341 




3 


28.939 


48 


22 


34.3 


25 


278 




4 


28.757 


37 


25 


3i:3 


25 


287 


• ••••• 


5 


28.828 


42 


30 


34.7 


24 


206 


* 


6 


29.804 


54 


30 


42.3 


17 


219 




7 


28.939 


46 


25 


34.0 


25 


326 




8 


29.034 


41 


22 


30.0 


15 


177 




9 


28.897 


47 


24 


35.0 


28 


250 




10 


29.168 


44 


27 


36.0 


19 


248 




11 


28.961 


51 


35 


43.7 


20 


295 


.01 


12 


28.764 


63 


45 


51.0 


30 


389 




13 


29.012 


46 


29 ' 


35.7 


25 


338 




14 


28.976 


49 


29 


38.0 


19 


246 




15 


28.851 


56 


34 


43.3 


20 


319 




16 


28.932 


54 


32 


39.3 


20 


218 




17 


29.503 


30 


16 


22.7 


24 


414 


* 


18 


29.088 


40 


25 


34.0 


23 


398 


.63 


19 


29.1351 


39 


20 


27.3 


22 


326 


.03 


20 


28.797 


28 


17 


24.7 


27 


379 


.08 


21 


28.595 


28 


16 


19.7 


30 


450 


.25 


22 


29.030 


16 


4 


10.0 


20 


352 




23 


29.241 


26 


10 


19.3 


13 


202 




24 


29.375 


36 


13 


24.3 


13 


133 




25 


29.150 


46 


27 


39.0 


20 


311 


.05 


26 


29.044 


44 


38 


40.7 


14 


134 


.04 


27 


28.803 


47 


37 


43.3 


24 


257 


.34 


28 


28.473 


47 


40 


43.3 


16 


186 

I 


.22 


Meann . 


28.958 


42.2 


25.8 


35.5 


Sums.. 


8008 


1.74 



Highest barometer, 29.605 in.; lowest, 28.332 in. Highest temperature, 
63°; lowest, 4°. Maximum velocity of wind, 30 miles. Prevailing winds, 
S., W., & W., S. E. No. Of cloudy days, 8; No. of fair days, 13; No. of 
clear days, 7. Range of thermometer, 59". Range of barometer, 1 • 273 in. 

Memoranda: No. times the wind blew from the N., 2; E., 4; S., 23; W., 
18; N. E., 4; S, E., 13; S. W., 14; N. W., 4 (Observations once in eight 
hours. 

* Precipitation too small to measure. 
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METEOROLOGICAL RECORD FOR THE MONTH OF MARCH, 1883. 



t 


Mean daOy 
barometer. 


Maximum 
thermometer. 


Minimuui 
thermometer. 


Mean daily 
temperature. 


Maximum vel- 
ocity of wind. 


Wind, number 
of miles trav- 
eled. 


1 




Inches. 


o 


o 


1 

o 


Miles. 


■ 


Inch's 


1 


28.709 


62 


. 37 


47.7 


18 


213 




2 


29.040 


61 


37 


45.3 


20 


175 




3 


29.248 


50 


34 


40.3 


13 


188 




4 


28.867 


43 


33 


38.3 


33 


519 


.58 


5 


28.757 


43 


32 


35.7 


25 


385 




6 


29.14« 


32 


23 


26.3 


22 


356 


* 


7 


29.550 


29 


15 


22.0 


17 


249 


« 


8 


29.287 


36 


23 


30.0 


13 


211 


.43 


9 


28.8;J3 


30 


25 


26.7 


34 


484 


.66 


10 


29.200 


35 


25 


29.7 


20 


257 




11 


29.090 


33 


26 


29.3 


15 


181 


.05 


12 


»28.865 


33 


22 


26.7 


24 


301 


.01 


13 


29.092 


34 


17 


25.7 


20 


278 


* 


14 


29.059 


39 


27 


32.3 


21 


274 


.25 


15 


28.982 


37 


32 


34.7 


16 


218 


.05 


16 


29.232 


40 


31 


35.7 


20 


184 




17 


28.841 


38 


34 


36.7 


25 


449 


.32 


18 


28.800 


49 


35 


39.0 


22 


270 


.08 


19 


29.104 


48 


30 


39.0 


15 


158 




20 


28.664 


43 


35 


38.7 


28 


418 


.74 


21 


28.652 


39 


19 


34.3 


32 


503 


.07 


22 


29.258 


39 


22 


29.7 


30 


372 ' 


* 


23 


29.130 


49 


22 


34.0 


30 


443 




24 


29.331 


35 


14 


28.7 


28 


276 




25 


28.846 


43 


31 


36.0 


25 


326 


.35 


26 


28.516 


49 


35 


39.7 


12 


118 


.95 


27 


28.691 


43 


33 


36.7 


25 


415 


.49 


28 


29.762 


50 


32 


41.7 


28 


372 




29 


28.723 


58 


36 


45.0 


28 


514 




30 


29.361 


41 


27 


32.3 


25 


318 




31 


29.143 


57 


31 


43.3 


24 


309 




Means. 


28.993 


42.5 


28.2 


34.4 


Sums. 


9734 


4.73 



Highest barometer, 29.584 inches; lowest, 28.319 inches; highest temper- 
ature, 62"; lowest, 14°; maximum velocity of wind, 34 miles; prevailing 
winds, N. W., S. E., N. E., W.; No. of cloudy days, 13; No. of fair days, 18; 
No. of clear days, 0; range of thermometer, 48°; range of barometer, 1.265 
inches. 

Memoranda: No. of times wind blew from the N. 12; E. 12; S. 7; W. 12; 
N. E., 6; S. E., 13; S. W. 6; N. W., 25. (Observations once in eight hours.) 

* Precipitation too small to measura 
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METEOROLOGICAL RECORD FOR THE MONTH OF APRIL, 18&2. 



i 


Mean daily 
barometer. 


Maximum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature. 


Maximum Te- 
locity of wind 


Wind, number 
of miles trav- 
eled. 






Inches . 


o 


o 


o 


Miles. 




Inch's 


1 


28.834 


78 


46 


62.0 


' 18 


256 


.12 


2 


29.104 


70 


48 


55.7 


25 


202 


•••••« 


8 


29.019 


73 


41 


59.0 


20 


275 


.03 


4 


29.063 


66 


34 


45.7 


25 


331 


.17 


5 


29.059 


42 


33 


38.0 


21 


382 


.48 


6 


28.702 


68 


41 


54.7 


44 


449 


.37 


7 


29.106 


60 


43 


47.7 


16 


239 




8 


29.034 


56 


40 


46.0 


32 


346 


.06 


9 


28.885 


48 


34 


40.7 


28 


449 


1.29 


10 


29.146 


34 


24 


28.7 


32 


448 


* 


11 


29.186 


39 


22 


28.3 


16 


238 




12 


29.130 


44 


29 


37.3 


10 


148 




13 


29.111 


45 


84 


40.0 


11 


143 




14 


29.155 


48 


34 


39.0 


15 


175 




15 


29.125 


55 


33 


43.0 


9 


142 




16 


29.175 


58 


37 


46.0 


12 


168 




17 


29.126 


65 


41 


52.0 


15 


235 




18 


28.709 


58 


45 


49.0 


30 


297 


1.35 


19 


28.415 


50 


39 


^ 44.0 


35 


490 


.09 


20 


28.800 


53 


83 


41.7 


22 


276 




21 


28.970 


54 


36 


42.7 


20 


275 




22 


28.878 


44 


39 


40.7 


30 


477 


.07 


23 


29.026 


51 


37 


42.3 


16 


384 




24 


29.211 


53 


83 


42.7 


20 


265 




25 


29.103 


57 


37 


46.0 


20 


266 




26 


28.939 


56 


40 


47.7 


18 


236 


.19 


27 


28.949 


65 


43 


53.0 


30 


313 


♦ 


28 


29.099 


53 


43 


44.3 


20 


282 




29 


29.134 


56 


40 


44.3 


25 


256 




30 


29.075 


57 


35 


45.7 
f 


16 


231 




Means. 


29.009 


55.2 


37.^1 


44.9 


Sums 


8,613 


4.21 



Highest barometer, 29.227 in.; lowest, 28.197 in. Highest temperature, 
78°; lowest, 22"*. Maximum velocity of wind, 44 miles. Prevailing winds, 
E., N. K, W. No. of cloudy days, 10; No. of fair days, 16; Na of clear 
days, 4 Range of thermometer, 56°; range of barometer, 1 .030 in. 

Memoranda: No. times wind blew from N., 6; N. E., 17; E., 27; S. E., 
3; S., 4; S. W., 11; W., 12; N. W., 10. (Observations once in 8 hours.) 

* Precipitation too small to measure. 
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METEOROLOGICAL RECORD FOR THE MONTH OF MAYy 1882. 







i 


u 


d 


1 . 


^^ 








S 




u 


>3 

H.tS 


Xi ed 




^ 


c8 H 


-1 ® 


SB 

d a> 




P OQ 


i 


1 


ii 






^S 


Is 




^, 




Inches. 


o 


o 


o 


Miles. 




Inch's 


1 


29.043 


53 


38 


44.3 


21 


367 


* 


2 


29.253 


56 


33 


44.0 


16 


198 




3 


28.960 


57 


43 


50.7 


17 


267 


.03 


^ 


28.789 


58 


49 


53.0 


18 


189 


.37 


5 


28.877 


52 


40 


45.0 


25 


410 


.02 


6 


29.089 


56 


37 


44.0 


20 


350 




7 


29.064 


CO 


37 


50.0 


20 


333 




8 


28.802 


78 . 


52 


64.7 


25 


350 


.08 


9 


28.700 


75 


62 


66.7 


20 


311 




10 


28.625 


69 


44 


53.3 


20 


254 


.69 


11 


28.788 


44 


39 


40.0 


24 


427 


.26 


12 


28.868 


44 


39 


41.3 


25 


477 


.32 


13 


28.942 


57 


41 


, 48.3 


25 


414 


.01 


14 


28.990 


63 


44 


50.3 


20 


326 




15 


29.129 


57 


37 


47.0 


18 


285 




16 


29.243 


67 


41 


52.3 


5 


74 




17 


29.274 


74 


46 


59.0 


11 


120 




18 


29.219 


75 


51 


62.0 


20 


203 




19 


29.016 


68 


57 


62.3 


18 


235 


* 


20 


28.875 


73 


45 


57.3 


30 


291 


.42 


21 


28.965 


50 


43 


45.0 


18 


274 




22 


29.100 


51 


38 


42.3 


22 


326 




23 


29.218 


59 


35 


44 7 


14 


183 




24 


29.129 


56 


44 


48.7 


12 


182 




25 


29.038 


68 


43 


55.3 - 


18 


199 




26 


28.917 


66 


52 


57.3 


10 


134 


.09 


27 


28.878 


56 


45 


49.3 


20 


281 




28 


29.003 


66 


41 


52.0 


21 


278 




29 


29.032 


71 


44 


58.0 


11 


154 


• • • • • « 


80 


28.747 


67 


50 


59.7 


28 


222 


.25 


31 


28.683 


62 


50 

. - .. 


54.7 


26 


293 


.45 


Means. 


28.976 


61.6 


43.9 


51.7 


Sums. 


8346 


2.89 



Highest barometer, 29.325 in.; lowest, 28.548 in.; highest tempei"ature, 
78°; lowest, 33°; maximum velocity of wind, 30 miles; prevailing winds: 
N. E., S.; No. of cloudy days, 13; No. of fair days, 13; No. of clear days, 5; 
range of thermometer, 45°; range of barometer, 0.777 in. 

Memoranda: No. times wind blew from N., 9; E., 13; S., 18; W., 4; N. E., 
22; S. E., 8; S. W., 10; N. W., 9. (Observations once in eight hours.) 

* Precipitation too small to be measured. 
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METEOROLOGICAL RECORD FOR THE MONTH OF JUNE, 1882. 





>%,' 


i 


1 • 
u 


• 










j^u 

tl 


53 O 


aa 

3 O 


^ Si 


2o 




• 


\^ 


§1 




aa 


Sa 




lit 

> O 4/ 


3 


a 


^i 


|5 


1* 


II 


1 




Inches . 


o 


o 


O 

1 


Miles. 




Inch's 


1 


28.783 


68 


46 


56.3 


17 


171 


* 


2 


28.771 


60 


53 


54.0 


14 


182 


.04 


8 


28.779 


52 


42 


45.7 


26 


403 


1.26 


4 


28.873 


57 


4A 


50.3 


18 


287 


.04 


5 


29.036 


73 


45 


; 59.7 


15 


198 




6 


29.003 


78 


54 


1 64.3 


16 


277 




7 


28.850 


79 


58 


; 67.7 


i 19 


289 




8 


28.756 


78 


62 


68.7 


i 15 


197 


.25 


9 


28.817 


80 


54 


67.3 


12 


127 




10 


28.919 


69 


52 


57.0 


20 


265 




11 


29.107 


71 


45 


58.3 


16 


276 




12 


29.063 


77 


49 


63.0 


15 


169 




13 


28.973 


77 


53 


66.0 


15 


156 


.18 


14 


28.701 


79 


65 


70.0 


22 


275 


.10 


15 


28.812 


82 


63 


71.3 


13 


241 




16 


28.745 


78 


65 


68.0 . 


12 


154 


.56 


17 


28.574 


83 


66 


69.3 


18 


186 




18 


28.482 


75 


49 


63.7 


28 


418 


.3i 


19 


29.047 


67 


47 


55.7 


25 


315 


* 


20 


29.084 


65 


52 


58.7 


16 


268 


♦ 


21 


29.094 


70 


56 


62.3 


13 


170 


.11 


22 


29.013 


87 


61 


70.7 


48 


200 


.58 


23 


29.024 


80 


64 


72.0 


12 


127 




24 


28.879 


81 


65 


71.0 


27 


182 


1.49 


25 


28.936 


79 


67 


70.7 


8 


116 




26 


29.057 


81 


64 


70.7 


8 


118 




27 


28.988 


78 


66 


70.7 


12 


116 


.68 


28 


28.969 


75 


62 


68.0 


13 


113 




29 


28.895 


80 


60 


70.0 


14 


182 


.14 


30 


28.674 


84 


67 


73.7 


16 


252 


2.07 


■ 
Meanfl. 


28.889 


74.8 


56.5 


64.5 


Sums. 


6412 


7.76 



Highest barometer, 29.137 in. ; lowest, 28.361 in. ; highest temperature, 87°; 
lowest, 42°; maximum velocity of wind, 48 miles; prevailing winds E., S. 
W., W.; No. of cloudy days, 10; No. of fair days, 13; No. of clear flays, 7; 
range of thermometer, 45°; range of barometer, 0.776 in. 

Memoranda. No. of times wind blew from N., 10; E., 21; S., 4; W., 15; 
N. E., 5; S. E. 9; S. W,, 15; N. W.. 11. (Observations once in 8 hours. 

* Precipitation too small to measure. 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF JULY, 1882. 







• 




• 


n 


H 




Day. 


11 


o 


- ^ S 


•^1 

si 


miles 


■iH 


• 

1 




inches 


o 


o 


1 


inches 


1 


28.937 


72 


60 


66.0 


19 


239 




2 


29.087 


77 


55 


65.7 


8 


102 




3 


28.941 


68 


65 


59.7 


22 


237 


.91 


4 


29.132 


70 


50 


59.7 


22 


267 


* 


5 


29.121 


75 


55 


63.0 


7 


93 




6 


28.963 


71 


60 


64.8 


16 


214 


.05 


7 


28.772 


71 


61 


63.0 


16 


212 


.33 


8 


28-916 


78 


63 


68.3 


7 


79 




9 


28.872 


80 


65 


69.7 


16 


202 


.83 


10 


28.816 


78 


57 


66.7 


16 


• 228 




11 


28.865 


79 


60 


67.3 


20 


280 




12 


28.838 


70 


58 


62.3 


20 


265 


.61 


13 


28.977 


69 


57 


61.7 


18 


191 


.04 


14 


29.122 


78 


50 


64.7 


9 


114 




15 


29.029 


78 


61 


68.7 


20 


274 


* 


16 


28.912 


78 


65 


69.0 


17 


i 264 




17 


29.007 


81 


60 


68.7 


9 


132 




18 


28.936 


77 


59 


65.7 


17 


258 




19 


29.045 


72 


57 


62.3 


U 


215 




20 


29.148 


76 


56 


61.7 


19 


156 


♦ 


21 


29.210 


80 


55 


64.7 


17 


140 




22 


29.257 


83 


61 


70.7 


6 


73 




23 


29.190 


84 


64 


72.3 


11 


114 




24 


29.039 


85 


64 


73.0 


15 


171 


\ 


24 


29.018 


86 


69 


76.0 


12 


178 




26 


29.018 


87 


67 


75.7 


12 


170 




27 


28.949 


84 


72 


75.7 . 


15 


202 


.01 


28 


29.068 


78 


64 


68.3 


12 


157 




29 


29.173 


75 


54 


64.0 


12 


197 




30 


29.084 


70 


58 


64.0 


15 


224 


.12 


31 


28.985 


i 71 


62 

f 


67.0 


18 


241 


.40 


Means. 


29.914 


76.7 


60.0 


66.8 


Sums. 


6884 


2.70 



Highest barometer, 29.298 in.; lowest, 28.754 in. Highest temperature, 
87°; lowest, 50°. Maximum velocity of wind, 22 miles. Prevailing winds, 
W., N.W., S. W. No. of cloudy days, 4; No. of fair days, 20; No. of clear 
days, 7. Range of. '.thermometer, 37°; range of barometer, 0.539 in. 

Memoranda: No. times the wind blew froin the N., 11; E., 10; S., 14; W., 
16; N.E., 4; S.E., 8; S. W., 13; N.W., 17. (Observations once in 8 hours.) 

^Precipitation too small to be measured. 



THE WASHBURN OBSERVATORY. 



METEOROLOGICAL RECORD FOR THE MONTH OF AUGUST, 1882. 





-1 


il 






II 


II 






■5 « 












1 


•0 a 


■if 






u 

l1 




1 




iDchea. 




Milw. 




Inch's 


1 


28.970 


77 






13 


108 


.88 


2 




930 


74 






14 


2b6 


.S3 






911 


68 






16 


375 


.80 






947 


73 






13 


312 


.07 




29 


018 


80 






13 


159 






29 


043 


79 


67 


72.7 


6 


74 






28 


919 


85 


68 


74.0 


24 


176 






28 


894 


71 


63 


63.7 




37B 






29 


002 


61 


55 


57.0 


23 


357 


""m 




29 


114 


72 


50 


58.8 


11 


185 






28 


969 


77 


55 


65.7 


13 










931 


75 


64 


- 67.3 


13 


198 








907 


82 


63 


70.7 


16 


223 


.01 






778 


87 


66 


.73.0 


33 


247 


1.30 




28 




81 


68 




35 


195 


2 30 






975 


74 


60 


'. J- . 


16 


219 






29 


130 


80 


59 


v~:^ 


13 


95 






39 


146 


82 


64 


73.7 


8 


81 








153 




65 


71.8 


11 


141 




20 


29 




85 


67 


73.7 


8 


118 




21 


29 


160 


84 


67 


73.8 


18 


158 




22 


29 


045 




68 


75.0 


9 


104 




28 




0»4 


8S 


69 


74.0 


12 


113 




24 




984 


83 


67 


73.3 


17 


121 


"!6i 


25 


28 


924 


83 


68 


73.0 


18 


101 


.04 


20 




995 




67 


72.7 


11 


119 




27 


29 


062 


80 


65 


70.8 


12 


183 




36 




060 


81 


63 


70.7 


12 


167 




29 


29 


060 


80 


64 


72.3 


11 


144 




30 


29 


003 


72 


61 


64.7 


18 


203 


"ilis 


81 


29 


063 


63 


58 


60.3 


18 


301 




Means. 


39.006 


78.1 


63.5 


69.1 


Sams. 


6502 


6.83 



Bighegt barometer, 39,348 inches; lowest, 28.725 incfaee; highest temper- 
ature, 87"; lowest, 50'; maximum velocity of wind, 35 mUes; prevailing 
■winds, N., E., 8. W.; No. of cloudy days, 8; No. of fair days, SO; Na of 
clear days, 3; range of thermometer, 37°; range of barometer, 0.513. 

Memoranda; Na times wind blew from the N., 18; E, 18; 3. 5; W. 7; N, 
E., 13; S. E., 2; S. W., 17; N. W., 14. (Observations once in eight houra) 

* Precipitation too small b 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF SEPTEMBER, 1883. 









S5 

-4.2 


£ 




ber 
av- 






tl 


la 


B Q 




§«M 


OQ 


• 


1 


el o 


11 




Is 


p2 *-^ 


3® 


PS 

1^ ® 


i 




inches. 








miles 




inches 


1 


29.040 


62 


57 


59.7 


10 


155 


.63 


2 


28.932 


72 


55 


61.3 


12 


206 


.42 


3 


28.988 


71 


58 


62.0 


18 


240 


.23 


4 


29.198 


^76 


57 


64.3 


12 


167 




5 


29.229 


80 


60 


67.3 


6 


- 104 




6 


29.094 


77 


* 61 


67.7 


15 


186 




7 


29.007 


78 


63 


68.3 


12 


109 




8 


29.101 


74 


57 


63.0 


8 


127 




9 


29.120 


79 


58 


65.0 


10 


59 


.53 


10 


29.123 


69 


56 


60.7 


12 


171 




11 


29.092 


77 


49 


59.7 


12 


205 




12 


28.985 


73 


55 


64.0 


15 


190 




13 


28 788 


80 


62 


68.0 


10 


142 




14 


28.926 


78 


65 


69.0 


18 


270 




15 


29.107 


80 


55 


66.0 


9 


115 




16 


29.043 


78 


61 


68.3 


8 


122 




17 


28.864 


83 


>86 


72.7 


12 


191 




18 


28.756 


85 


69 


74.3 


20 


226 


* 


19 


28.936 


73 


56 


62.7 


17 


260 




20 


29.209 


56 


48 


50.3 


17 


245 




21 


29.207 


57 


44 


49.0 


13 


189 




22 


29.064 


64 


43 


52.7 


23 


248 




23 


29.224 


62 


44 


51.0 


12 


196 




24 


29,324 


64 


45 


52.7 


12 


105 


.06 


25 


29.415 


63 


50 


55.0 


12 


162 




26 


29.343 


66 


45 


53.0 


12 


159 




27 


29.099 


63 


47 


55.0 


16 


209 




28 


28.983 


69 


53 


60.0 


13 


207 




29 


29.049 


66 


58 


60.3 


13 


209 


.04 


30 


29.192 


67 




56 


60.3 


7 


92 




Meaiis. 


29.081 


71.4 


55.1 


61.4 


Sums 


5,266 


1.91 



Highest barometer, 29.448 in.; lowest, 28.709 in. Highest temperature, 
85°; lowest, 43^ Maximum velocity of wind, 23 miles. Prevailing winds, 
E., W., S. No. of cloudy days, 3; No. of fair days, 19; No. of clear days, 
8. Range of thermometer, 42°; Range of barometer, 0.739 inches. 

Memoranda: No. of times blew from the N., 7; N. E., 11; E., 22; S. E., 
10; S., 13; S. W., 6; W., 15; N. W., 6. (Observations oRce in 8 hours.) 

♦Precipitation too small to be measured. 



THE WASHBURN OBSERVATORY. 
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METEOROLOGICAL RECORD FOR THE MONTH OF OCTOBER, 1882. 



• 


an daily 
irometer. 


ximum 
ermometer. 


[limum 
ermometer. 


an daily 
mperature . 


ximum ve- 
cityofwind 


nd, number 
miles trav- 
ed. 


• 

'a 


a 


|5 








l-s 




"i 




inches 


o 


o 


o 


miles 




inches 


1 


29.245 


65 


57 


60.0 


7 


105 


» 


2 


29.211 


70 


57 


62.7 


11 


186 




3 


29.204 


71 


58 


62:3 


8 


188 




4 


29.158 


72 


57 


63.7 


10 


119 




5 


29.160 


78 


61 


67.3 


14 


99 




6 


29.086 


78 


63 


69.3 


16 


162 




•7 


28.889 


68 


63 


65.3 


18 


179 


1.56 


8 


28.64S 


68 


56 


61.7 


21 


255 


.76 


9 


28.980 


64 


48 


52.3 


13 


302 




10 


29.028 


50 


43 


46.3 


18 


156 


.35 


11 


28.944 


57 


41 


50.0 


24 


264 




12 


28.672 • 


67 


52 


49.0 


22 


434 


.66 


13 


28.847 


66 


52 


56.3 


20 


249 




14 


28.973 


71 


51 


59.7 


20 


271 




15 


28.931 


69 


51 


59.3 


20 


288 




16 


28.861 


61 


45 


50.3 


15 


199 


.12 


17 


29.002 


62 


42 


50.7 


8 


142 




18 


29.183 


53 


40 


45.7 


16 


261 




19 


29.217 


58 


35 


45.0 


12 


135 




20 


29.118 


53 


42 


51.7 


11 


154 




.21 


28.966 


64 


46 


55.0 


20 


240 




22 


28.976 


62 


46 


50.0 


25 


271 




23 


29.011 


58 


43 


48.3 


8 


116 




24 


28.935 


65 


43 


53.3 


16 


167 




25 


28.791 


63 


48 


53.7 


22 


137 




26 


29.112 


53 


39 


44.7 


14 


152 




27 


29.031 


59 


37 


47.7 


10 


135 




28 


28.779 


54 


43 


47.7 


15 


217 


.15 


29 


28.803 


49 


41 


45.3 


15 


243 




30 


28.672 


63 


47 


56.0 


32 


276 


.55 


31 


28.906 


62 


43 


47.7 


23 


245 




Means. 


28.975 


64.9 


49.4 


54.5 


Sums 


6,456 


4.14 



Highest barometer, 29.281 in.; lowest, 28.419 in. Highest temperature, 
78°; lowest, 35". Maximum velocity of wind, 32 miles; Prevailing winds, 
a, N. W., E,, S. E. No. of cloudy days, 7; No. of fair days, 15; No. of 
clear days, 9. Range of thermometer, 43°; range of barometer, 0.862 in. 

Memoranda: No. times wind blew from N., 4; N. E., 3; K, 14; S. E., 13; 
a, 25; a W., 6; W., 10; N. W., 18. (Observations once in 8 hours.) 

* Precipitation too small to measure. 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF NOVEMBER, 1882. 







• 


• 


i 


> 3 






t 




•P 
|5 


5? 

ii 
.11 

d <» 


^5 




843 

a" 
"a 


1 

S3 




Inches. 


o 


tr 


o 


Miles. 




Inch's 


1 


^9.285 


56 


38 


44.3 


13 


160 




2 


29.535 


49 


30 


39.3 


13 


253 




3 


29.326 


54 


37 


44.7 


9 


102 




4 


29.198 


55 


36 


45.7 


22 


252 




5 


28.913 


51 


42 


45.7 


22 


380 


1.07 


6 


28.890 


49 


46 


46.3 


11 


131 


.10 


7 


29.095 


58 


44 


50.0 


11 


143 


..*... 


8 


29.128 


53 


41 


45.3 


14 


163 




9 


28.951 


50 


40 


45.7 


6 


85 




10 


28.840 


61 


48 


56.3 


20 


215 


.07 


11 


28.720 


66 


49 


56.7 


24 


303 


.61 


12 


28.917 


49 


25 


28.7 


23 


349" 




13 


29.008 


31 


18 


25.0 


22 


342 


^* 


14 


28.826 


41 


27 


35.7 


21- 


279 




15 


29.066 


47 


34 


*9.3 


19 


245 




16 


29.096 


42 


33 


37.7 


16 


192 


.38 


17 


29.316 


42 


34 


37.7 


23 


314 


.05 


18 


29.281 


43 


37 


38.7 


12 


139 




19 


29.247 


44 


30 


37.3 


7 


101 




20 


29.078 


44 


35 


39.7 


12 


129 




21 


28.965 


40 


31 


35.3 


16 


267 




22 


28.877 


44 


33 


39.3 


18 


175 




23 


28.901 


40 


23 


28.3 


28 


462 


.is 


24 


29.287 


30 


19 


24.0 


25 


301 




25 


29.161 


44 


26 


35.7 


16 


195 




• 26 


29.036 


37 


25 


29.7 


21 


334 


♦ 


27 


29.232 


36 


17 


28.0 


17 


180 




28 


29.122 


35 


25 


30.3 


18 


159 


.16 


29 


29.278 


32 


21 


26.0 


20 


324 


» 


30 


29.073 


36 


26 


31.3 


14 


220 




Means. 


1 29.088 


45.3 


32.3 


38.3 


Sums. 


6894 


2.62 



Highest barometer, 29.5S8 inches; lowest, 28.650 inches; &ghest temper- 
ature, 66°; lowest, 17°; maximum velocity of wind, 28 miles; prevailing 
winds, N. W., W.; No. of cloudy days, 11; No. of fair days, 15;, No. of 
clear days, 4; range of thermometer, 49°; range of barometer, 0.938 inches. 

Memoranda: No. of times wind blew from the N., 7; E.. 10; S., 12; W., 
14; N. E, 8; S. E., 12; S. W., 10; N. W., 17. (Observations once in eight 
hours.) 

* Precipitation too small to be measured. 



THE. WASHBURN OBSERVATORY, 



303 



METEOROLOGICAL RECORD FOR THE MONTH OF DECEMBER, 1883. 







^ 


^ 


• 


i-d 


s>. 






ii 


aa . 

4 


aa 

a o 




1 
go 


a^ 

•1^ «4_l ^ 

^ O a; 


—I 

*a 

0^ 




Inches. 


o 


o 


o 


Miles. 




Inch's 


1 


28.877 


43 


29 


35.0 


13 


144 




2 


29.273 


83 


17 


20.7 


28 


416 


.05 


3 i 


28.992 


34 


18 


28.7 


21 


251 


.15 


4 


28.659 


84 


23 


26.7 


38 


462 


.01 


5 


28.947 


27 


16 


21.7 


23 


225 




6 


29.192 


16 





5.3 


. 36 


370 


.09 


7 


29.546 





—18 


8.3 


35 


473 




8 


29.295 


12 


— 8 


5.3 


16 


210 




9 


28.812 


24 


12 


19.0 


14 


211 


.06 


10 


28.832 . 


22 


12 


15.7 


16 


283 


.05 


11 


28.999 


27 


7 


19.0 


14 


169 


.01 


12 


28.756 


42 


26 


86,3 


20 


248 




18 


28.885 


82 


5 


14.0 


28 


337 




14 


29.031 


20 


8 


12.7 


22 


304 


.03 


15 


29.200 


8 


— 4 


2.7 


20 


898 




16 


29.041 


16 





9.7 


16 


210 


.03 


17 


28.882 


24 


11 


19.0 


8 


116 


.18 


18 


29.092 


31 


18 


25.8 


15 


177 




19 


28.883 


87 


24 


88.7 


19 


260 


.08 


20 


28.581 


89 


33 


85.3 


14 


255 


.80 


81 


28.626 


88 


83 


85.0 


10 


137 


.19 


22 


28.770 


88 


88 


88.7 


10 


136 


*^ 


28 


28.855 


32 


25 


26.7 


10 


178 


- * 


24 


29.086 


32 


19 


-25.7 


8 


87 




25 


'29.140 


36 


28 


81.7 


10 


185 


.20 


26 


29.245 


37 


30 


83.7 


10 


97 


.08 


27 


29.288 


86 


23 


26.0 


10 


86 


.03 


28 


29.270 


37 


23 


28.7 


12 


83 




29 


29.180 


28 


20 


! 24.3 


18 


178 




80 


29.236 


25 


19 


21.7 


8 


93 


.05 


81 


29.811 


22 

1 


4 


8.7 

1 


15 

1 


189 


.01 

1 


Means. 


, 89.025 

1 


28.5 


15.7 


21.7 


1 

Sums. 


6858 


2.03 



Highest barometer, 29.577 in.; lowest, 28.487 in.; Highest temperature, 
48°; lowest, — 13°; Maximum velocity of wind, 38 miles; prevailing winds, 
N. W., W.; No. of cloudy days, 15; No. of fair days, 12; No. of clear days, 
4; range of thermometer, 56°; range of barometer, 1.090 in. 

Memoranda. No. times wind blew from the N,, 6; E., 7; S., 4; W*, 23; 
N. E., 4; S. R, 15; S. W., 10; N. W., 24. (Observations taken once in 8 hours.) 

* Precipitation too small to be measured . 
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PUBLICATIONS OF 



METEOROLOGICAL SUMMARY FOR THE YEAR 1882. 



4 

d 

1 


Mean monthly 
barometer. 


1 
Mean maxi- 
mum ther- 
mometer. 


Mean mini- 
mum ther- 
mometer. 


Mean monthly 
temperature. 


• 

Maximum ve- 
locity of wind. 


Wind, number 
miles traveled. 


• 
CM 

d 

1 


1882. 

January 

February. . . 
March. .... - 


Inches. 
29.052 
28.958 
28.993 
29.009 
28.976 
28.889 • 
29.014 
29.006 
29.081 
28.975 
29.088 
29.025 


o 

30.8 
42.2 
42.5 
52.5 
61.6 
74.6 
76.7 
78.1 
71.4 
64.9 
45.3 
28.5 


o 

13.1 
. 25.8 
28.2 
37.1 
43.9 
56.5 
60.0 
63.5 
55.1 
49.4 
32.3 
15.7 


o 

22.4 
35.5 
34.4 
44.9 
51.7 
64.5 
66.8 
.69.1 
61.4 
54.5 
38.3 
21.7 


Miles. 
38 
30 
34 
44 
30 
48 
22 
35 
23 
32 
28 
38 


7,480 
8,008 
9,734 
8,613 
8,346 
6,412 
5,884 
5,502 
5,266 
6,456 
6,894 
6,853 


Inch's 
1.33 
1.74 
4.73 


April.. 
Mav. . . 


» • • • • 


4.21 
2.89 


June . . 




7.76 


July . . . 




2.70 


August 

Septem 

October 

Noveml 

Decemb 


1 • • • « 

t)er . 

• • • • 

)er. . 
er .. 


6.83 
1.91 
4.14 
2.62 
2.03 


Means 


29.005 


55.8 


40.0 


47.1 


Sums. 


85,448 


42.89 



No. days on which rain has fallen in quantities too small to be meas- 
ured, 30. 

Highest barometer, 29.679 in.; lowest, 28.197 in.; highest temperature, 
87°; lowest, —13°; maximum velocity of wind, 48 miles; prevailing winds, 
N. W., W. E., S.; No. of cloudy days, 112; No. of fair days, 191; No. of 
clear days, 62; range of thermometer, 100°; range of barometer, 1.482 in. 

Memoranda: No. times wind blew from the N., 95; E., 161; S., 154; W., 
163; N. E., 104; S. E., 116; S, W., 129; N. W., 181. (Observations once in 
eight houra) 

Note — The observations for the year 1882 were taken at the U. S. Signal 
Station. Madison. 
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METEOROLOGICAL RECORD FOR THE MONTH OP JANUARY, 1883' 



1 


Mean daily 
barometer. 


Max^'mum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature. 


Maximum ve- 
locity of wind. 


Wind, number 
of miles trav- 
eled. 


• 

1 

c 

'1 




Inches. 


o 


o 


o ' 


Miles. 




Inch's 


1 


29.228 


22 


1 


9.7 


10 


141 




2 


. 29.176 


21 


—2 


11.3 


20 


195 


.01 


3 


29.354 


19 


5 


2.0 


20 


265 


•••••• 


4 


29.317 


13 


5 


5.7 


12 


208 


.16 


5 


29.107 


23 


12 


18.7 


8 


84 


.04 


« 


28.754 


28 


15 


21.3 


• 20 


258 


.03 


7 


29.083 


20 


2 


6.3 


14 


210 




« 


29.231 


6 


— 7 


2.0 


19 


212 




9 


28.793 


18 


—12 


7.0 


16 


173 


.02 


10 


28.581 


14 


7 


1.7 


25 


283 


.19 


11 


29.133 


18 


8 


11.7 


15 


182 


* 


12 


28.717 


35 


5 


16.0 


24 


329 


.02 


18 


28.747 


35 


— 1 


29.0 


23 


407 


.03 


14 


29.244 


7 


—11 


— 1.7 


16 


178 




15 


29.332 


18 


— 7 


8.7 


5 


61 


« 


16 


29.126 


26 


13 


19.7 


6 


64 


.19 


. 17 


29.894 


24 


13 


18.6 


17 


262 


.12 


18 


29.184 


23 


— 2 


14.3 


11 


130 


.08 


19 


29.096 


29 


—10 


8.0 


20 


311 


.04 


20 


28.874 


5 


—17 


—11.3 


23 


265 


!....« 


21 


29.079 


—12 


—23 


-18-0 


20 


268 




22 


29.341 


—12 


—23 


—17.0 


16 


220 




23 


29.401 





—21 


—12.0 


13 


194 




24 


29.162 


12 


— 2 


5.3 


16 


228 


.03 


25 


29.371 


7 


10 


— 0.7 


11 


144 




26 


28.957 


28 





17.0 


15 


155 


.02 


27 


28.980 


28 


18 


20.7 


16 


166 




28 


28.952 


32 


12 


22.3 


10 


120 




29 


28.776 


30 


9 


19.3 


8 


87 


^» 


30 


28.409 


31 


15 


24.0 


24 


355 


.04 


31 


28.947 


15 


—9 


1.7 


22 


411 




Means. 


29.043 


18.3 


—4.6 


8.5 


Sums. 


6666 


1.01 



Highest barometer, 29.473 in.; lowest, 28.352 in.; highest temperature, 
35**; lowest — 23°; maximum velocity of wind, 25 miles; prevailing winds, 
N. W., W., S. W.; Na of cloudy days, 6; No. of fair days, 20; No. of clear 
days, 5; range of thermometer, 58°; range of barometer, 1.121 in. 

Memoranda. No. of times wind blew from N., 6; E., 7; S., 6; W..21; 
N. K, 3; S. K, 7; S. W., 17; N. W., 26. (Observed every eight hours.) 

* Precipitation too small to measure. 

20 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF FEBRUARY, 1883. 





Mean daily 
barcmeier. 


i 

2§ 


1 

CD 


• 

n 


um ve- 
)f wind. 


number 
es trav- 


• 


1 








ll 




1 




Inches. 





o 





Miles. 




Inch's 


1 


29.479 





-17 


—7.7 


14 


191 




2 


29.365 


2 


— 9 


-1.3 


23 


297 


.13 


3 


29.153 


8 


+ 2 


6.0 


22 


413 


.09 


4 


29.462 


7 


+ 8 


-3.3 


15 


218 


♦ 


5 


29.422 


14 


-14 


—0.7 


14 


180 




6 


28.964 


19 


- 1 


11.0 


14 


195 


.16 


7 


29.015 


17 


+ 5 


9.0 


16 


247 


.10 


8 


29.166 


27 


3 


15.0 


15 


246 




9 


29.456 


19 


6 


10.0 


16 


218 




10 


29.1:^5 


23 


3 


13.3 


12 


152 


* 


11 


28.901 


29 


15 


21.3 


18 


222 


« 


12 


29.896 


29 


4 


15.3 


10 


59 




13 


29.176 


36 


5 


24.0 


5 


12 




14 


28.632 


37 


30 


34.0 


16 


121 


.07 


15 


28.712 


38 


33 


36.0 


17 


117 


.07 


16 


28.631 


49 


12 


34.0 


28 


306 


.78 


17 


29.514 


14 





7.0 


25 


358 




18 


29.487 


28 


1 


16.7 


20 


248 




19 


29.359 


32 


18 


24.7 


14 


140 




20 


29.112 


33 


19 


27.0 


24 


334 




21 


29.160 


31 


11 


21.0 


16 


222 


.6i 


22 


29.065 


30 


18 


20.7 


12 


131 


.10 


23 


29.232 


31 


11 


24.0 


18 


207 . 


« 


24 


28.803 


33 


24 


28.7 


17 


259 


.13 


25 


29.100 


27 


12 


17.0 


20 


366 


♦ 


26 


29.455 


17 


7 


10.7 


21 


292 




27 


29.159 


41 


8 


27.3 


20 


160 


♦ 


28 


29.226 


47 


27 


35.7 


15 


201 




Meant). 


29.169 


25.6 


7.8 


17.0 


Sums.. 


6112 


1.64 



Hisfhest barometer, 29.608 in.; lowest, 28.494 in. Highest temperature, 
49**; lowest, — 17**. Maximum velocity of wind, 28 miles. Prevailing winds, 
W., N. W., a W. No. of cloudy days, 7; No. of fair days, 11; No. of 
clear days, 10. Range of thermometer, 66''; range of barometer, 1.114 in. 

Memoranda: No. times the wind blew from the N., 6; E., 6; S., 10; W., 
20; N. E.. 5; S, E., 9; S. W., 12; N. W., 16. (Observations once in eight 
hours.) 

* Precipitation too small to measure. 
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METEOROLOGICAL RECORD FOR THE MONTH OF MARCH, 1883. 



1 


Mean daily . 
barometer. 


Maximum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature. 


Maximum vel- 
ocity of wind. 


Wind, number 
of miles trav- 
eled. 






Inches. 


o 


o 





Miles. 




Incn^s 


1 


29.000 


52 


35 


41.7 


16 


235 


• •••••■ 


2 


29.318 


39 


28 


31.7 


16 


251 




3 


29.337 


83 


19 


26.0 


16 


283 




4 


29.321 


29 


23 


25.3 


17 


193 




5 


29.118 


33 


18 


16.7 


15 


204 


.03 


6 


28.841 


31 


15 


24.3 


30 


343 


.04 


7 


29.431 


20 


1 


8.0 


27 


241 




8 


29.144 


41 


9 


26.7 


16 


198 




9 


28.633 


46 


28 


35.7 


28 


331 




10 


28.579 


80 


21 


25.0 


28 


454 


.02 


11 


29.070 


28 


18 


22.0 


17 


818 




12 


28.940 


44 


17 


31.3 


22 


316 




13 


28.953 


49 


28 


26.0 


12 


193 




14 


28.756 


53 


32 


40.0 


29 


365 




15 


29.121 


82 


15 


20.0 


32 


432 


* 


16 


28.936 


81 


16 


.25.0 


15 


199 




17 


28.476 


52 


26 


40.0 


28 


309 




18 


28.828 


47 


9 


20.7 


32 


888 


.10 


19 


28.995 


22 


5 


11.0 


18 


273 




20 


28.984 


25 


7 


16.0 


10 


117 




21 


29.067 


32 


9 


20.7 


8 


92 




22 


28.762 


37 


24 


28.3 


32 


817 


» 


23 


29.050 


35 


15 


27.0 


22 


280 




24 


29.068 


46 


23 


34.0 


15 


201 




25 


29.022 


40 


33 


34.0 


12 


134 


.03 


26 


29.091 


33 


20 


26.7 


15 


224 


.08 


27 


29.085 


81 


28 


26.0 


9 


132 


.02 


28 


29.055 


32 


21 


26.7 


6 


42 


* 


29 


28.930 


39 


20 


28.3 


6 


76 




80 


28.940 


41 


25 


30.3 


15 


190 




31 


29.064 


35 


25 


28.7 


18 


278 




Means. 


28.995 


86.7 


19.6 


27.1 


Suina 


7606 


0.32 



Highest barometer, 29.486 inches; lowest, 28.332 inches; highest temper- 
ature, 53''; lowest, -hl°; maximum velocity of wind, 82 miles; prevailing 
winds, N. W., N., W.; No. of cloudy days, 9; No.. of fair days, 15; No. of 
clear days, 7; range of thermometer, 52°; range of barometer, 1.154 inches. 

Memoranda: No. of times wind blew from the N. 17; N. E. 12; E. 1; S. 
E. 5; S. 7; W. 18; N. W., 28; S. W., 10. (Observed every eight houra) 

* Precipitation too small to measure. (N. B. — No observations in April) 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF MAY, 1883. 



1 


Mean daily 
barometer. 


Maximum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature i 


Maximum ve- 
locity of wind. 


Wind, nun^r 
of miles trav- 
eled. 


• 

.3 




Inches. 
28.975 
28.983 
28.969 
29.022 
29.057 


o 


o 


o 

55.0 
42.0 
39.7 
40.5 
48.3 


Miles. 




Inch's 


1 




.10 


2 










1.00 


3 










.13 


4 










.08 


5 












6 




























8 
















9 










. 






10 
















11 


29.125 

29.106 

28.995 

28.571 

28.934 

29.095 

28.936 

28.493 

28.583 

28.770 

28.938 

29.022 

28.977 

28.793 

28.753- 

28.769 

28.698 

28.662 

28.858 

28.809 

29.065 


53 , 

55 

50 

45 

57 

66 

73 

78 

89 

66 

49 

52 

65 

70 

69 

69 

68 

66 

64 

65 

61 


"'36'" 
39 
36 

40 
37 
41 
47 
52 
59 
46 
33 
33 
86 
49 
52 
47 
49 
46 
47 
48 
44 


46.0 
47.7 
42.3 
41.3 
52.0 
57.3 
55.0 
68.5 
63.3 
41.5 
41.0 
48.0 
58 5 
61.7 
54.7 
57.5 
54.3 
55.0 
56.3 
55.3 
55.7 








12 








13 






.80 


14 






1.70 


15 








16 




• 




17 






.20 


18 






.32 


19 


• • 






20 








21 


• ■ • ■ 
• • • 

• « • • 
• • • • 






22 






23 






24 


•••••••• 


• 




25 






1.80 


26 


•••••••• 






27 






.05 


28 








29 








30 






.80 


31 




- 












Means. 


28.883 


63.5 


43.7 


51.5 


Sums. 




6.98 



Highest barometer, 29.181 in.; lowest, 28.439 in.; highest temperature, 
78°; lowest, 83°; prevailing winds, S. W., N. E., S; No. of cloudy days, 
10; No. of fair days, 8; No. of clear days, 8; range of thermometer, 56°; 
range of barometer, 0.742 in. 

Memoranda: No, times wind blew from N., 8; E., 7; S., 10; W., 8; N. E., 
13; S. E., 8; S.W., 13; N. W., 11. (Three observations daily.) 
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METEOROLOaiCAL RECORD FOR THE MONTH OF JUNE, 1888. 



I 



2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



Means. 



B 



Inches . 

29.129 

28.925 

28.999 

29.057 

28.874 

28.851 

28.824 

28.810 

28.715 

28.723 

28.672 

28.651 

28.998 

29.062 

28.891 

28.846 

28.735 

28.681 

28.783 

28.835 

28.718 

28.988 

28.962 

28.893 

28.930 

28.921 

28.933 

28.888 

28.881 

29.084 



28.872 



f4 


t; 


-S 


S 


§1 


an 


2 5 


3 


aa 


11 


S^ 


a« 








69 


47 


74 


54 


72 


58 


68 


50 


75 


55 


75 


59 


. 75 


56 


75 


55 


69 


54 


68 


53 


71 


51 


73 


58 


73 


51 


69 


50 


73 


58 


83 


57 


71 


62 


74 


63 


76 


61 


74 


57 


74 


61 


77 


57 


80 


61 


80 


63 


75 


53 


70 


53 


73 


56 


74 


58 


86 


52 


83 


60 


74.5 


55.9 



9 



62.0 
63.0 
59.0 
62.5 
69.0 
65.7 
66.0 
60.7 
59.5 
56.8 
65.3 
64.3 
58.0 
62.0 
65.3 
74.7 
70.7 
68.3 
65.3 
66.7 
68.0 
70.5 
72.0 
69.5 
57.5 
55.8 
65.0 
68.3 
74.3 
70.3 



65.2 



6^5 
5 ® 



Miles. 



Sum& 



pO 03 

^ o a; 



I 



Inch's 



.95 
2.40 



.35 

.08 



.65 
.60 



.09 
.40 



.80 
^# 

.80 



* 

.30 



.15 



7.57 



Highest barometer, 29.195 in. ; lowest, 28.629 in. ; highest temperature, 86°; 
lowest, 47**; prevailing winds, N., 8., S. W.; No. of cloudy days, 12; 
No. of fair days, 11; No. of clear days, 7; range of thermometer, 39**; range 
of barometer, 0.566 in. 

Memoranda: No. of times wind blew from N., 19; N. E., 6; E., 3; S« 
E., 8; S., 17; S. W., 18; W., 9; N. W., 11. (Three observations daUy.) 

* Precipitation too small to measure. 
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PUBLICATIONS OF 



METEOROLOGHCAL RECORD FOR THE MONTH OF JULY, 188a 



1 


Mean daily 
barometer 


■ 

S' 

o 

83 
89 
89 
88 
88 
84 
88 
65 
72 
79 
81 
81 
79 
78 
80 
81 
75 
69 
75 
76 
84 
85 
83 
75 
78 
83 
83 
69 
69 
69 


Minimum 
thei mometer. 


Mean daily 
temperature. 


Maximum ve- 
locity of wind 


Wind, number 
of miles trav- 
eled. 


i 


1 


Inches 
28.925 

28.887 
28.828 
28.887 
28.979 
28.865 
28.922 
29.080 

29.057 
28.861 
28.776 
28.630 
28.763 
28.712 
28.813 
28.697 
29.021 
29.233 
29.119 
28.852 
28.854 
29.008 
28.930 
28.918 
28.962 
28.925 
29.042 
29.007 
29.115 
29.170 


o 

60 
65 
69 
61 
62 
68 
59 
52 
53 
61 
67 
62 
57 
57 
58 
63 
57 
52 
58 
60 
57 
67 
66 
63 
73 
67 
66 
57 
54 
54 


o 

75.3 

80.7 
81.3 
74.5 
75.0 
76.3 
60.7 
60.5 
66.3 
73.7 
74.7 
71.7 
68.3 
70.5 
70.7 
67.0 
59.7 
64.5 
67.7 
69.5 
77.3 
74.7 
68.7 
70.7 
74.0 
75.7 
67.3 
65.0 
62.7 
62.7 


Miles 




Inch's 


2 








3 








4 






.88 


5 




' 




6 








7 






.90 


8 








9 








10 








11 








12 






.35 


13 








14 






.02 


15 


...•.••. 






16 






1.89 


17 






18 


1 




19 


i 




20 






.46 


21 






2.05 


22 






.30 


23 






1.16 


24 






.40 


25 




••••'••••• 




26 






.38 


27 






.10 


28 








29 








30 








31* 
























Means. 


28.928 


79.1 


60.8 


70.2 


Sums. 




8.89 



Highest barometer, 29.245 in.; lowest, 28.591 in. Highest temperature, 
89^ lowest, 52°. PrevaUing ^inds, S. W., W., S. No. of cloudy days, 5; 
No. of fair days, 17; No. of clear days, 8. Range of; thermometer, 37*; 
range of barometer, 0.644 in, 

Memoraoda: No. times the wind blew from the N., 7; E., 4; S., 14; W., 
19; N. E., 5; S. E., 7; S. W., 24; N. W., 9. (Three observations daily.) 

* Instruments were being moved. 
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METEOROLOGICAL RECORD FOR THE MONTH OF AUGUST, 1888. 





aily 
leter. 


um 
ometer. 


i 

Ii 


aily 
irature. 


um vel- 
f wind. 


number 
les trav- 


d 


bl 


Mean d 
barom 


§1 
11 




1^ 




ib 


& 

3 


<! 


|5 




1^ 


|o 


^ O 9 


^ 




Inchea 


o 


o 


o 


Miles. 




Inch's. 


1* 
















2 


28.959 
29.038 
29.142 
29.249 
29.270 
29.219 
29.117 


80 
66 

71 
74 
76 

78 
78 


57 
58 
52 
54 
64 
55 
55 


60.5 
59.0 
61.5 
64.0 
65.5 
64.5 
66.3 






.40 


3 








4 








5 








6 




1 




7 








8 


10 


""iii* 




9 


29.080 


78 


57 


66.5 


8 


119 


• • • ' • • 


10 


29.101 


78 


59 


66.1 


6 


111 




11 


28.957 


80 


58 


69.4 


17 


158 




12 


28.969 


71 




64.3 


16 


222 


.32 


13 


29.191 


66 


54 


58.9 


15 


335 




14 


29.219 


50 


52 


59.9 


11 


157 




15 


29.145 


74 


54 


64.8 


13 


139 




16 


29.012 


78 


61 


69.6 


14 


182 




17 


28.940 


84 


69 


75.9 


18 


188 


.05 


18 


28.878 


82 


70 


74.9 


22 


328 




19 


28.823 


86 


70 


74.2 


20 


270 


.02 


20 


28.857 


79 


56 


71.3 


36 


359 




21 


28.799 


83 


61 


73.4 


36 


374 




22 


28.845 


78 


73 


68.7 


34 


539 




23 


29.101 


79 




62.6 


14 


203 




24 


29.137 


77 


55 


64.6 


12 


125 




25 


29.075 


78 


61 


70.4 


18 


207 


#••••• 


26 


29.225 


73 


57 


61.5 




186 




27 


29.015 


67 


51 


59.6 




201 


1,95 


28 


29.063 


68 


61 


63.4 




272 




29 


29.117 


54 


73 


63.0 




216 




30 


29.068 


76 


62 


67.3 




228 




31 


29.093 


78 


63 


70.0 




198 




Means. 


29.027 


78.3 


59.2 


66.1 


Sums. 


5458 


2.74 



Highest barometer, 29.278 inches; lowest, 28.668 inches; highest temper- 
ature, 86"; lowest, 51°; maximum velocity of wind, 36 miles; prevailing 
winds, S. W., S., N. W.; No. of cloudy days, 8; No. of fair days, 11; No. of 
clear days, 11; range of thermometer, 35°; range of barometer, 0.590 in. 

Memoranda: No. times wind blew from the N., 13; E., 3; S. 17; W. 4; N, 
E., 9; S. R, 9; S. W., 18; N. W., 16. (Three observations daUy.) 

^Instruments were being moved. 
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PUBLICATIONS OF 



MBTEOROLOaiCAL RECORD FOR THE MONTH OF SEPTEBCBER, 1888. 







1 


1 


s 


n 


n 






11 


ii 


si 




t^ 






^ 


'^1 


•Q 5 

3^ 


is 


1^ 






'3 


s 


o 


S^ 


a*^ 


^ O 0) 


A 




Inches. 


o 


o 


Miles 




Inch's 


1 


28.975 
29.106 


77 
73 


64 
62 


71.3 
66.0 








2 


28 


191 




3 


29.156 


71 


56 


62.1 


20 


206 




4 


29.014 


72 


58 


«2.7 


24 


. 336 




5 


29.255 


67 


47 


57.3 


20 


254 




6 


29.025 


69 


50 


59.6 


20 


211 


0.93 


7 


28.940 


64 


46 


50.3 


36 


321 




8 


29.337 


53 


38 


45.9 


32 


552 




9 


29.405 


58. 


39 


48.1 


16 


172 




10 


29.291 


64 


89 


43.6 


25 


198 




11 


29.202 


70 


47 


58.4 


16 


181 




13 


29.105 


73 


47 


59.6 


12 


132 




18 


28.999 


74 


48 


61.9 


12 


118 




14 


29.048 


79 


54 


67.0 


12 


156 




15 


28.956 


80 


60 


69.9 


16 


174 




16 


28.967 


72 


58 


61.1 


30 


294 


0.54 


17 


29.174 


64 


50 


56.0 


24 


269 




18 


29.213 


66 


50 


55.9 


12 


155 




19 


29.156 


71 


50 


61.3 


12 


150 




20 


28.971 


68 


58 


58.6 


8 


102 


0.66 


21 


28.876 


58 


49 


52.0 


28 


256 




22 


29.028 


66 


46 


58.0 


10 


144 




23 


28.837 


66 


58 


59.3 


24 


164 


0.05 


24 


28.644 


60 


51 


55.5 


20 


213 


0.16 


25 


29.033 


60 


45 


49.2 


32 


355 


0.05 


26 


28.978 


61 


40 


51.9 


24 


265 




27 


28.966 


61 


49 


52.3 


24 


832 




28 


29.109 


49 


42 


43.0 


24 


335 




29 


28.994 


52 


40 


46.5 


12 


141 




30 


28.977 


55 


80 


45.0 


18 


166 




Means. 


29.058 


65.8 


49.0 


56.6 


Sums 


6,448 


2.39 



Highest barometer, 29.455 in.; lowest, 28.603 in. Highest temperature* 
79*; lowest, 38°. Maximum velocity of wind, 36 miles. Prevailing winds, 
S., N., a E., S. W. No. of cloudy days, 11; No. of fair days, 8; No. of 
clear days, 11. Range of thermometer, 41"*; Range of barometer, 0.852 
inches. 

Memoranda: No. of times blew from the N., 19; N. E., 7; E., 6; S. E., 
11; S., 21; S. W., 10; W., 7; N. W., 9. (Three observations daily.) 
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METEOROLOGICAL RECORD FOR THE MONTH OF OCTOBER, 1888. 





_ • 


1 




• 

9 


^1 


%i 






ll 


ii 




|2 


o 




• 


i 












1 




Inches 


o 


o 


o 


Miles 




Inch's 


1 


28.851 


53 


34 


44.7 


12 


134 


o.ia 


2 


28.839 


57 


49 


61.7 


15 


155 




8 


29.246 


49 


37 


41.7 


16 


254 




4 


29.260 


49 


85 


44.2 


16 


148 




5 


29.030 


52 


46 


49.3 


20 


264 


o.ia 


6 


29.184 


53 


48 


51.0 


20 


182 




7 ■ 


29.152 


64 


47 


56.0 


16 


176 


0.10 


8 


28.791 


79^ 


54 


58.6 


32 


455 




9 


28.873 


71 


57 


61.0 


48 


475 


0.27 


10 


29.121 


61 


52 


54.2 


14 


114 


0.61 


11 


29.088 


60 


47 


54.0 


12 


116 




12 


29.078 


55 


43 


44.6 


18 


187 


0.12 


13 


29.063 


46 


34 


37.0 


28 


438 


1.41 


14 


29.329 


45 


34 


43.0 


30 


383 




15 


29.551 


50 


34 


41.0 


16 


163 




16 


29.498 


51 


32 


41.0 


22 


185 




17 


29.088 


56 


39 


51.7 


28 


878 




18 


28.82^ 


62 


53 


57.8 


40 


512 


0.7a 


19 


29.150 


57 


44 


47.0 


24 


248 




20 


29.479 


44 


28 


33.6 


26 


411 




21 


29.328 


38 


83 


85.3 


18 


217 




22 


29.295 


4^ 


34 


35.9 


18 • 


179 




28 


29.350 


46 


87 


39.8 


16 


163 




24 


29.227 


40 


35 


38.9 


26 


356 




25 


29.037 


43 


35 


39.8 


28 


489 


0.10 


26 


29.031 


48 


36 


42.6 


28 


209 




27 


28.880 


47 


41 


44.0 


20 


232 




28 


28.634 


51 


44 


48.6 


30 


280 


0.10 


29 


28.478 


50 


44 


46.5 


14 


155 


0.06 


80 


28.789 


51 


39 


44.4 


45 


357 




31 


29.060 


45 


33 


36.9 


86 


426 




Means. 


29.081 


52.1 


40.6 


46.3 


Sums 


8,372 


3.79 



Highest barometer, 29.557 in.; lowest, 28.448 in. Highest temperature, 
79°; lowest, 28"^. Maximum velocity of wind, 48 miles; Prevailing winds, 
S. E., N., N. W. No. of cloudy days, 20; Na of fair days, 5; No. of 
clear days. 6. Range of thermometer, 51°; range of barometer, 1.109 in. 

Memoranda: No. times wind blew from N., 15; E., 6; S., 12; W., 8; N.. 
R, 11; S. R, 20; S. W.. 7; N. W., 14 (Three observations daUy.) 
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PUBLICATIONS OF 



METEOROLOGICAL RECORD FOR THE MONTH OF NOVEMBER, 1888. 



1 


Mean daily 
barometer. 


Maximum 
thermometer. 


Minimum 
thermometer. 


Mean daily 
temperature . 


Maximum vel- 
ocity of wind. 


Wind, number 
of miles trav- 
eled. 


3 

«H 

a 




Inches. 


o 


' o 


o 


Miles. 




Inch's 


1 


29.253 


41 


29 


33.8 


32 


406 




2 


29.134 


48 


26 


39.9 


24 


212 




3 


28.924 


55 


41 


46.0 


28 


482 




4 


28.934 


58 


33 


48.4 


20 


195 


6.95 


5 


28.634 


60 


48 


52.0 


44 


537 




6 


29.126 


49 


33 


36.1 


26 


304 


0.32 


7 


28.891 


44 


31 


39.3 


34 


277 


0.05 


8 


28.734 


55 


33 


45.4 


28 


158 




9 


28.773 


49 


41 


44.2 


18 


208 


0.40 


10 


28.903 


49 


36 


39.4 


16 


173 




11 


29.035 


46 


22 


29.5 


48 


430 




12 


29.285 


31 


17 


26.2 


48 


522 




13 


28.832 


41 


. 21 


28.1 


40 


521 




14 


29.091 


21 


8 


16.5 


36 


479 




15 


29.321 


24 


6 


9.1 


32 


511 




16 


29.288 


25 


2 


19.3 


38 


408 




17 


28.999 


44 


22 


33.0 


34 


559 




18 


28.959 


48 


25 


36.4 


24 


« 240 




19 


28.904 


51 


34 


43.2 


26 


356 




20 


28.650 


54 


39^ 


47.3 


24 


389 


0.15 


21 


28.734 


47 


31' 


31.5 


24 


252 


0.30 


22 


28.957 . 


32 


27 


30.0 


24 


188 




23 


28.897 


40 


30 


36.8 


22 


214 




24 


29.150 


43 


34 


36.7 


16 


181 




25 


28.656 


57 


34 


51.1 


32 


389 


0.09 


26 


29.115 


58 


15 


18.6 


60 


613 




27 


29.213 


36 


13 


29.0 


46 


408 




28 


29.500 


34 


24 


25.7 


38 


416 




29 


28.973 


36 


22 


32.7 


20 


240 




30 


28.991 


34 


27 


31.2 


26 


279 




Means. 


28.996 


42.9 


27.6 


34.5 


Sums. 


10,547 


2.26 


High 


est barometei 


r, 29.537 : 


inches; L 


[)west, 28.41 


LO inches 


; highest t 


emper- 


ature. 


60": lowest. 


2": max] 


mum ve 


locitv of \ 


rind. 60 


miles: nre' 


vailine: 



\ 



winds, S., N. W., W.; No. of cloudy days, 10; No. of fair days, 5; No. of 
clear days, 15; range of thermometer, 58°; range of barometer, 1.137 inches. 
Memoranda: No. of times wind blew from the N., 3; R. 2; S., 36; W., 
9; N. E, 1; S. E., 5; S. W., 11; N. W., 23. (Three observations daily.) 
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METEOROLOGICAL RECORD FOR THE MONTH OF DECEMBER, 1883. 





aily 
5ter. 


m 
meter. 


aa 


aily 
ature. 


6'6 

B 


umber 
s trav- 


• 




*« s 


P o 


P o 


'^ s 




el ® 


ri' 


^ 


a 


aa 




§a 


1^ 


si's 




5^ 


|J 


08 jd 




^5 


1-2 


'f"* *M >>S 


& 




Inches. 


o 


o 


o 


Miles. 




Inch's 


1 


28.801 


49 


32 


37.1 


26 


327 




2 


29.212 


35 


17 


26.8 


36 


420 




3 


29.022 


36 


16 


26.5 


28 


295 




4 


28.893 


42 


29 


35.8 


24 


271 




5 


29.143 


43 


31 


35.1 


11 


122 




6 


28.828 


51 


32 


43.7 


18 


241 


0.30 


7 


28.808 


51 


28 


36.0 


• 30 


498 




8 


29.156 


36 


24 


26.0 


22 


347 




9 


29.131 


42 


25 


36.2 


16 


156 




10 


29.309 


38 


29 


33.2 


28 


351 




11 


29.121 


44 


2|9 


38.9 


29 


280 




12 


29.046 


45 


2o 


37.8 


28 


240 




. 13 


28.733 


44 


36 


38.5 


30 


215 




14 


29.159 


37 


12 


16.5 


32 


448 




15 


29.100 


15 


9 


12.6 


22 


274 


* 


16 


28.896 


18 


5 


19.5 


24 


266 


0.11 


17 


28.536 


14 


— 3 


8.9 


24 


281 


0.35 


18 


29.082 


17 


5 


0.7 


22 


336 




19 


29.345 





—11 


3.4 


10 


128 




20 


29.258 


14 


4 


4.1 


15 




0.07 


21 


29.228 


17 





8.5 


18 


197 


« 


22 


29.218 


9 


1 


6.6 


22 


275 


0.07 


23 


28.748 


24 


8 


22.1 


28 


380 


0.52 


24 


28.848 


25 


11 


20.0 


15 


190 




25 


28.728 


27 


12 


22.3 


16 


195 




26 


28.617 


34 


17 


24.1 


40 


457 


0.48 


27 


29.047 


17 


1 


3.8 


40 


518 




28 


28.985 


22 


— 2 


13.9 


28 


189 




29 


28.871 


24 


6 


19.4 


13 


132 




30 


29.035 


25 


22 


23.9 


28 


403 


0.05 


31 


29.288 


25 


16 


21.1 


16 


300 




Means. 


29.025 


29.6 


14.6 


22.33 


Sums. 


8934 


1.95 



Highest barometer, 29.454 in.; lowest, 28.398 in.; highest temperature, 
51°; lowest, — IV; maximum velocity of wind, 40 miles; prevailing winds, 
N., W., S., N. W.; No. of cloudy days, 10; No. of fair days, 10; No. of clear 
days, 11; range of thermometer, 62°; range of barometer, 1.056 in. 

Memoranda. Na times the wind blew from the N., 14; N. E., 6; E., 1; 
aE.,6;a, 23; S. W., 10; W., 8; N. W., 24. (Three observations daily.) 

* Precipitation too small to be measured . 
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PUBLICATIONS OF 



METEOROLOGICAL SUMMARY FOR THE YEAR 1883. 



Q 
O 



1883. 
January. . . 
February.. 

March 

April 

May 

June 

July 

August 

September . 
October. . . 
November. 
December . 



Means. 






s 



I 



Inches. 
29.043 
29.169 
28.995 



28.883 
28.872 
29.928 
29.027 
29.058 
29.081 
28.996 
29.009 



t29.006 



^ ri 2 



18.3 
25.6 
86.7 



63 5 
74.5 
79.1 
78.3 
65.8 
52.1 
42.9 
29.6 



t51.5^ 



.3 8^ 

sal 

$ o 



.6 

7.8 
19.6 



43.7 
55.9 
60.8 
59.2 
49.0 
40.6 
27.6 
14.6 



1:34.1' 



O 08 

|a 



8.5 
17.0 
27.1 



51.5 
65.2 
70.2 
66.1 
56.6 
46.3 
34.5 
22.3 



I 



t42.8* 



0«M 



Miles. 
25 
28 
32 



36 
36 

48 
60 
40 



Sums. 



a £ 

a « 



6,666 
6,112 
7,606 



5,458 
6,443 
8,372 
10, 547 
8,934 



**60,138 



08 



Inch's 
1.01 
1.64 
0.32 



6.98 
7.57 
8.89 
2.74 
2.39 
3.79 
2.26 
1.95 



t39-54 



Highest barometer, f 29 . 608 in. ; lowest, f 28 . 332 in. ; highest temperature, f 
89*; lowest, f— 23°; maximum velocity of wind, 60 miles; prevailing winds, 
N. W., W., S. W., S.; No. of cloudy days,t 108; No. of fair days,t 121; No. of 
clear days,t 99; range of thermometer, f 112°; range of barometer, f 1.276 in. 

Memoranda: No. timesf wind blew from the N., 127; K, 46; S., 173; W., 
126; N. E., 77; S. E., 95; S. W., 150; N. W., 187. (Three observations daily.) 

Note — Observations for January, February and March were taken at the 
U. S. Signal Station, Madison. Observations for April were not taken. 
Observations from May 1st to May 5th, and From May 11th to July 30th 
were taken at the North Dormitory, University. Observations from August 
2d tihruughout the remainder of the year were taken at Washburn Obser- 
vatory. 



♦* For 233 days. 
t For 828 days, 



X For 321 days. 
* No observations were taken during April. 
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XVIII. METEOROLOGICAL OBSERVATIONS AT 
MADISON DURING THE YEARS 1853-1883. 

In Vol. I. of the Publications of the Washburn Observa- 
tory, tables of meteorological observations from 1872-1881, 
were given which were furnished by the U. S. Signal observer 
at Madison. The Washburn Observatory has since come into 
possession of most of the original records of observation and 
I have thought it proper to give summaries of all the obser- 
vations which have been made in Madison, and especially 
at the University. In cases of discrepancy between Vol. I 
and the present volume, the latter is to be preferred. 

The compilation has been done by Mr. G. W. Brown, 
Meteorological Observer. 

The detailed tables are not given here, as I have furnished 
them for printing in the First Annual Report of the A«gricul- 
tural Experiment Station of the University. 

All the observations have been made thrice daily, at 7 A. 
M., 2 P. M. and 9 P. M. 

From 1853 January, to 1864 June, the data are taken from 
the manuscript records, (re-reduced in some cases) supple- 
mented by the numbers given in the Results of Meteorological 
Observations made under the U. S, Patent Office cuid Smith- 
sonian Institution from 1854 to 1859 inclusive, (Vol. I): from 
1869 January, to 1878 October, the data are from the ms. 
records, supplemented by the (printed) annual reports of Prof. 
W. W. Daniblls to the Regents of the University; from 1878 
October, to 1883 April, from the ms. records of the U. S. Sig- 
nal Station at Madison; from 1883 April, to 188 1, January, 
from the ms. records of observations at the Washburn Ob- 
•servatory. 
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OBSERVERS AND PLACES OF OBSERVATION. 

From 1853 January to 1855 June, the observations were 
made by Prof. J. H. Carpenter, at the North Dormitory, 
University. From ] 854 June to 1856 January, they were 
made by Prof. J. W. Sterling, at the North Dormitory. 
From 1856 March to 1857 January, the observations were 
made by Dr. A. Schue at (his oflSce on Main street city of 
Madison?). From 1857 January to 1864 May, they were 
made by Prof. J. W. Sterling at the North Dormitory and 
at the Main Building of the University. From 1869 Janu- 
ary to 1878 October, they were made by Prof. W. W. Dan- 
lELLS, at the latter place. From 1878 October to 1883 April, 
they were made by Sergeants F. M. M. Beall and C. A. 
Shaw, at the U. S. Signal Station, Brown's block, in the city 
of Madison. From 1883 May to 1883 August, they were 
made by Mr. J. C. Officer, at the North Dormitory. From 
1883 August to 1883 December 31, they were made by Mr. 
John Tatlock and Mr. G. W. Brown at the Washburn Ob- 
servatory. 

NOTES ON the OBSERVATIONS. 

Beside the special remarks with the tables, the following 
general facts should be noted: In all cases^where the obser-^ 
vations were made for a portion of a month only, the rain- 
fall, the number of days on which snow or rain fell, and the 
movement of the wind have been omitted from the monthly 
means and sums. Up to October 1879, the maximum and 
minimum temperature given, were simply the highest and 
lowest re^ings of the thermometer at the regular hours of 
observation, viz: 7 A. M., 2 P. M. and 9 P.M. After that date 
they are read from self-recording instruments. Up to Octo- 
ber 1876, the maximum velocity of the wind is simply the 
greatest velocity recorded (estimated) at these three hours. 
The maximum velocity during May, June, July, 1888, is the 
greatest velocity recorded by the anemometer, at the hours , 
7, 2, 9. During the rest of the series, it is the highest veloc- 
ity of the twenty-four hours, from 2 P. M. to 2 P. M., as read 
from the anemometer sheets. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS FROM 1869 TO 

1888, BY YEARS. 



N. B. — See remaxka at end of the table. 



a! 



1869 
1870 
1871 
1878 
1878 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1888 
1883 






Means 



28.966 
28.9!ii0 
88.903 
88.897 
88.893 
28.950 
88.917 
88.921 
28.887 
28.721 
28.993 
88.969 
29.001 
29.006 
89.006 



28.931 






s. 



42.9 
47.2 
46.1 
444 
43.8 
45.5 
42.4 
46.1 
47.7 
49.7 
47.9 
48.1 
46.9 
47.1 
42.8 



46.9 



c8 ^ 

u 



89 
98 
91 
92 
91 
96 
86 
90 
88 
98 
91 
98 
95 
87 



91.0 



^5 



2- 



-11 

—18 
—15 
—88 
—81 
—15 
—85 
-28 
—16 
— 9 
-«2 
-81 
-80 
—18 
—88 



—19.8 



L ^ 



100 
111 
106 
120 
112 
111 
111 
112 
104 
101 
113 
114 
115 
100 
112 



110.8 



l2 

S p 

4 



43.27 
27.83 
29.51 
28.44 
86.49 
89.02 
82.59 
86.04 
27.67 
39.54 
85.10 
46.72 
58.98 
48.89 
89.54 



84.77 



53 = 
« O 

h 



79.8 
69.5 
70.7 
78.9 
76.5 
74.1 
74.8 
78.8 
77.8 
71.7 
68.7 
70.0 
72.4 
76.8 
77.9 



74.0 



•22 
o « 



103 

98 

108 

87 

80 

85 

100 

93 

84' 

104 

108 

188 

158 

160 

181 



106 



a 



N. W. 
N. W. 

W. 

IS.W. 
IN.W. 

Is. w. 
s. w. 

I w. 

Is.w. 

J .N. W. 

Is.w. 
s. w. 

N. W. 




N. W. 

s.w. 



>P4 






45 
35 
35 
35 
85 
86 
85 
85 
85 
50 
48 
60 
45 
48 
60 



60.8 









[28132] 
87485 
90855 
84348 
85448 

[60188] 



87018 



REKARKa— For 1878, the maximum Telocity of the wind and the No. of miles traveled 
were observed for October, November, December, 0^7. 

For 1883, the same data are for 883 days only; the maximum and minimum Thermometer 
and Range of Temperature for 328 days. The other data fer 328 days. 

The mean Barometer, temperature, rainfall, humidity. No. of days on which snow or rain 
fell, are given from all the data 1869-1883. The mean highest and lowest temperature, the 
range, and the maximum velocity and number of miles traveled by the wind, relate only to 
the years 1879-188a 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS FROM 1853 TO 
1838. BY MONTHS. 
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TIMES OF SUNRISE AND SUNSET AT MADISON FOR EVERY TENTH 

DAY OF THE YEAR. 



Note — The times are given in the local time of the 90th meridian from 
Greenwich. (Central times.) 



Day of the 
year. 


Time of 
sunrise. 


Time of 
. sunset 


Day of the 
year. 


Time of 
sunrise 


Time of 
sunset. 


January 1 


h. m. 

7 30 


h. m. 
4 34 


July 1 


h. m. 
4 21 


h. XXL, 

7 41 


11 


7 28 


4 45 


11 


4 28 


7 38 


21 


7 23 


4 56 


21 


4 37 


7 31 


February 1 


7 13 


5 10 


August 1 


4 48 


7 20 


11 


7 1 


5 25 


11 


4 58 


7 7 


21 


6 48 


5 37 


21 


5 10 


6 52 


March 1 


6 85 


5 48 


September 1 


5 22 


6 34 


11 


6 16 


6 


11 


5 33 


6 16 


21 


5 58 


6 12 


21 


5 43 


5 58 


April 1 


5 41 


6 24 


October 1 


5 56 


5 40 


11 


5 23 


6 35 


11 


6 7 


5 23 


21 


5 8 


6 48 


21 


6 20 


5 6 


May 1 


4 52 


6 59 


November 1 


6 33 


4 51 


11 


4 39 


7 10 


11 


6 46 


4 38 


21 


4 28 


7 20 


21 


6 58 


4 30 


June 1 


4 20 


7 30 


December 1 


7 10 


4 25 


11 


4 17 


7 36 


11 


7 20 


4 24 


21 


4 17 


7 41 


21 


7 28 


4 27 



21 



322 PUBLICATIONS OF 



XIX. LIST OF THIRTY-EIGHT AURORAS SEEN AT 
THE WASHBURN OBSERVATORY, 1881-2-3. 



Note : The times are Chicago mean times until November 23, 1883, and 
after that date they are 2<° 22^ slow of Madison mean time. Those marked 
with a star are not in the list of Auroras observed at Sauk City. 



No. 1. 1881. Dec. 10.* Through a break in the clouds an 

aurora was seen about 9^ for 10°^. It was 15° 
high and looked rosy. All cloudy after 9*» 

30™. 

2. 1881. Dec. 23. Low auroral arch first seen 6** 30°*; 
10»» 35'» much fainter. Still a faint arch 12^^ 

30™. 

3. 1882. Jan. 11. Low auroral arch first seen 8*^ 27™. 

4. 1882. Jan. 19. Low auroral arch first seen 6^ 30™; 

Double arch about 9^ 6™. Aurora still present 
about 12^ . 

5. 1882. Jan. 27.* Aurora first seen &^ 32™. End 9^^ 

50™. Not very bright. 

6. Jan. 31.* Dense clouds. At 6^ 5™ a large rosy patch 

of Aurora (?) was seen in the N. E. at an alti- 
tude of about J 0°. At 6^ 6™ the clouds had 
covered it. [It is quite possible that this was 
due to fires of brushwood, as I have seen such 
cases.] 

7. Feb. 5. Auroral arch 10°-12° high. First seen 6 

45™. Disappeared at 7^ 45™. 

8. Feb. 9. Aurora with streamers. First seen 10^ 3™. 
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No. 9. April 16. At 9^ 24«^ a fine auroral arch first seen. All 

white and a simple arch. This continued mov- 
ing upward, and at 9^ 36"^ included Polaris. 
Between 10^ and 11^ it formed a splendid cor- 
ona with rays to' all parts of the horizon. At 
11^ 24°^ it was the brightest and most magnifi- 
cent display I have ever seen. There was 
rather less rosy color in it than in displays of 
the kind which I remember. The telegraph 
wires between Chicago and New York could 
not be worked. Between Chicago and St. Paul 
a few messages were sent by the atmospheric 
electricity alone. 

See Nature, May 18, 1882, for an account of 
the magnetic disturbances. Also — Note on 
the aurora of April 16-17, by Professor H. C. 
Lewis, Trans. Amer. Phil. Soc, April 21, 1882. 

10. April 20. 8^ 20°^ auroral arch, altitude of 14°, 10^ O"* 

3 streamers upwards; 10^ 5"^ almost vanished: 
10^^ 50*^ arch as at 8^ 20°^; 11^ 10»", 5 bright 
streamers. 

11. May 14.* Faint aurora seen at 12^ 30^ low down. 

12. June 12.* Auroral arch; first seen 11*^ 14™. 

13. June 14.* Bright Aurora, first seen behind clouds 

11^. 

14. June 15.* Auroral arch; dark segment, streamers; 

first seen 11^ 30°^. 

15. July 16.* » Aurora. First seen 9^ 50™. Streamers 

10^ 0™. Simple arch 10^ 15™, low arch spread- 
ing, both east and west, 11^ 20™. 

16. Aug. 9.* 10^, no aurora; 11^ 35™ low arch; 12^ arch 

was brighter and higher. 

17. Aug. 16.* Faint aurora 10»^ 0™, brighter at 11^ 30™, 

gone at 12^ . 

18. Aug. 21.* Bright aurora, 10^ 45™. Streamers and 

some rosy color, 11^ — 11^ 30™. 

19. Sept. 3. Bright aurora with streamers about 9^ . 
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No. 20. Sept. 11,* Bright aurora first seen 9^ 0™. Sky 

clouded later. 

21. Oct. 16. Auroral arch first seen 7^ 40°^. Still visible 

ll^* 40"^. 

22. Oct. 30. 6*^ 30«».* Large aurora seen through heavy 

clouds. Raining. 

23. Nov. 13. Bright aurora. 

24. 1882. Dec. 15. Aurora 11^ 0^ to 12i» 30^. 

25. 1883. Feb. 4.* Aurora behind clouds, pretty bright 

12^ 30'». 

26. July 29. Bright auroral arch and streamers 50° high, 

far in the west and east also, 10*^ . 

27. July 30. Low auroral arch — no streamers between 

9*^ and 10^ . 

28. July 31. Low arch; streamers at 9^ ; low arch at 12*^ . 

29. Aug. 2.* 11^ 15^. Noticed streamers like Aurora in 

the W. They radiated from a point N. 30° W. 
with dark spaces between and covered much 
of the sky, extending even to the east point 
opposite. The northern sky had no arch, but 
was covered with streamers very narrow and 
close together. The appearance was suspic- 
iously similar in form to stratus clouds; but it 
looked like Aurora. 11^ 40°^ same; 13*^ sky 
overcast. 

30. Aug. 5.* Low arch, first seen 11^ 40^. 

31. Aug. 7. Arch 10° high 9^ 0^; dark segment. 11^ 

gone. Hazy sky. 

32. Sept. 4. 9*» small but well defined arch. No dark 

segment. Still there 1 1^ . 

33. Sept. 5.* Faint auroral light in N. horizon. 10*^ 20^. 

Well defined arch. Dark segment. 12^ 15°». 
Brighter. 

M. Sept. 16. Brilliant aurora. First seen 7^^ 17^. Stream- 
ers up to 45° altitude. Undulatory motion east 
and west. At 9^ 16^ it had disappeared except 
a faint light on horizon. 
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No. 35. Sept. 25. 9^ 40^. Bright well defined arch. Dark 

segment. 12^ 15"^ same. 

36. Nov. 1. 7^^ 30^. BrUliant arch in North Horizon. 

Dark segment. 12^ same. 

37. Nov. 2. 7^ . Light in north; but could not distin- 

guish its shape on account of clouds. 

38. Dec. 1. 8^ 45"*. * Low arch. Dark segment. 
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XX. LIST OF 608 AURORAS OBSERVED AT SAUK 
CITY, WISCONSIN, FROM 1859 TO 1884, BY F. G. T. 
LUEDERS. 

'^At the request of the Dir ector of the Washburn Observ- 
atory, I have extracted from my journal of observations of 
the Aurora Borealis, which extends from July 1859, to the 
present time, a series of notes for publication. The observa- 
tions were made at Sauk City, which is in latitude 43° 15', 
and longitude 12° 40' W. of Washington. In general, the 
observations were closed at 10 or 11 p. m., but in a gfreat 
many cases they have been prolonged throughout the night. 

The terms " dim," " faint *' denote a low intensity in the 
luminous source, while ^^ high streamers," etc., shows that the 
Aurora was brilliant. " Low " indicates that the nebulous 
segment or the luminous arch was only a few degrees above 
the horizon, while "extensive" is applied to those cases 
where the arches rose to the height of 20° or more. The 
frequent occurrence of Polar Lights and Heat Lightning 
(Wetterleuchten) together, has attracted my attention, 
and I have noted such cases. In the following list I have 
also included sixty-two luminous appearances which have 
presented themselves in or near the direction of the magnetic 
meridian, which could not be certainly identified as Auroras, 
on account of clouds, etc. These have received no numbers 
in the list, and in the column of remarks are denoted by A." 

F. G. T. LUEDERS. 

Sauk City, Wisconsin. ) 
1884, March. J 
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LIST OF AURORAS 1859 — 1884. 



No. 



Year — Month. 




1 
2 
8 



5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 



16 
17 
18 
19 

20 
21 



22 

» • • < 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 



B3 



1859 

July 

July 

July 

August 

September . . . 
September . . . 
September . . . 
September . . . 
September . . . 
September . . . 

October 

October 

October 

November. . . . 
December . . . 

1860. 

January 

January 

January 

February 

March 

March 



March 
March 
March 
April . 
April . 
April . 
May .. 
May .. 
May . . 
May . . 
May .. 
May .. 
July .. 



10 
11 

18 

28 



3 

4 
13 
16 
24 
27 
18 
20 
23 
13 
14 



1 
11 
20 

18 

13 
23 



July 



26 
28 
29 
12 
13 
14 

6 
10 
12 
14 
17 
18 

4 



18 



Remarks. 



Average brilliancy. 
Average brilliancy. 
Beams shooting up beyond Polaris. 

Heat'lightmng . 
Began 1^ after sunset, and soon after 

spread over the whole northern and 

a part of the southern sky. High 

streamers. 
Average brilliancy. 
Average brilliancy. 
Average brilliancy. 
Average brilliancy. 
Av« rage brilliancy. 
Average brilliancy. 
After 12^* medium streamers. 
Rather faint. 
Rather faint. 
A.verage brilliancy. 
Began 7*^ ; at 9^ only a trace left . 



Average brilliancy. 

Average brilliancy. 

Low and faint. 

Began 9^ . No marked featxires for 2 
hours. 

Nothing peculiar in appearance. 

A thick, dark greyish haze covers a 
part of the southern sky and also 
a part of the northern, down to 3° 
from the horizon. This haze is in 
constant motion. When separated 
into clouds, beams of light are 
plainly seen. 

Greatly extended but faint 

A. 

Average brilliancy. 

Average brilliancy. 

Average b» illiancy. High wind. 

Average brilliancy. 

Average brilliancy. 

High streamers. 

Average brilliancy. ^ 

Low; but streamers. 

A. 

Vivid; streamers. 

Began 8** 15°*. Thunder storm in the 
north. Aurora very extensive. 
Streamers pass through th? zen- 
ith. At 11»* faint. 

Very active streamers; heat-lightning 
in the south. 



828 



PUBLICATIONS OF 



LIST OF AURORAS^ 1869-1884. 



No. 



84 

85 
86 

87 

88 
89 
40 

41 
42 
48 
44 

45 
46 

47 
48 
49 
50 
51 
53 
53 
54 



55 
56 
57 
58 
59 
60 
61 
63 
63 
64 
65 



66 
67 

68 
69 
70 
71 



72 
73 

74 
75 
76 



Year — Month. 




July 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

September . . 
September . . 
September . . 
September . . 

September . . 
September . . 
September . . 
September . . 
September . . 
September . . 
September . . 
September . . 
September . . 
September . . 
September . . 

October 

October 

October 

October 

December . . . 
December . . . 

1861. 

January 

February 

February 

March 

March 



19 

7 
8 

9 

10 

12 

13 

14 

16 

18 

21 

23 

24 

25 

26 

27 

28 

29 

30 

1 

5 

6 

7 



9 
10 
11 
12 
16 
17 
19 
20 
21 
24 
25 



7 
8 
10 
16 
13 
15 



31 
27 
28 
9 
13 



Remarks. 



Moderate streamers; heat-lightning 

in the south. 
Dim; not much extended. 
Luminous arches moving np and 

down, emitting beams at intervals. 
Average brilliancy. Thunder storm 

in the north. 
Of great extent, but faint. 
Vivid beams extending to zenith. 
Dim and low. 
A. 

Low. 

Moderate. Heat-lightning S. E. 
Moderate. 

Aurora in the zenith. 
A. 

Dim. 

Extended but faint. 
Aurora in the zenith. 
Low. 
Low. 

Average brilliancy. 
Average brilliancy. 
Average brilliancy. 
Average brilliancy. 
Extended, but faint. Thimderstorm, 

gale and heavy rain, interrupting 

the observation. 
Average brilliancy. 
Aurora in the zenith. 
Faint. 

Average brilliancy. 
Average brilliancy. 
Aurora in the zenith. 
Aurora in the zenith. 
Low, but streamers. 
Low. 
Low. 
Low. From August 7 to September 

25 there was almost a continuous 

aurora. 
Aurora in the zenith. 
High; streamers. 
Auroral in the zenith. 
Extended, but faint. 
Low and faint. 
Average brilliancy. 



Low. 

Average brilliancy. 
Average brilliancy. 
High; streamers. 
Low; streamers. 
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LIST OF AURORAS, 1859^1884. 



Na 



• • • * 

77 
78 

• • • < 

79 
80 
81 
83 

83 
84 



85 

• • • < 

86 
87 
88 
89 
90 
91 
92 
98 
94 
95 
96 
97 
98 

99 
100 
101 
102 
103 

• • • 4 

104 
105 
106 

• • • 1 

107 
108 
109 
110 



Year — Month. 




Ill 



March 

April 

May. 

June 

August 

August 

August 

August 

August 

August 

August 

August 

August 

AuguBt 

September. . . 
September. . . 
September. . . 
September. . . 
September. . . 
September. . 
September. . . 

October 

October. 

October. 

December. . . 

December.. . . 

December.. . . 

1862 

January 

January 

February 

March , 

April 

April 

April , 

April , 

April 

May- 

May 

May 

June 

Juue 

June 

June 

June 

June 



Remarks. 



30 

20 
4 

28 
4 
5 
9 

14 

18 

22 

23 

27 

28 

30 

1 

2 

3 

5 

22 

27 

29 

2 

7 

11 

4 

18 

20 

21 
29 
28 
30 

2 

3 
13 
21 
27 

4 
13 
19 

1 
12 

17 
25 
26 

28 



A. 

Vivid ; streamers . 
Low; moderate streameas. 
A. 

Vivid ; streamers . 
Vivid ; streamers . 
Vivid ; str*^ amers . 

Very active; moderately high stream- 
ers. 
Moderate; thunderstorm in S. 
High streamers. 
A. 
A. 

Aurora in the Zenith. 
A. 

Average brilliancy. 
Active; high streamers. 
High, but faint. 
Average brilliancy. 
Average brilliancy. 
Aurora in the zenith; streamers. 
After 12^ ; streamers. 
Vivid; streamers. 
After 12^ ; streamers. 
Average brilliancy. 
Active; high streamers. 
Average b illiancy. 
Very brilliant, high ; streamers. 

Average brilliancy. 

Rather faint. 

Vivid; high streamers. 

Average brilliancy. 

After 12*^ . 

A. 

Average brilliancy. 

Average brilliancy. 

Very brilliant; strong streamers, 

A. 

Average brilliancy. 

Rather dim. 

Extended; but few streamers. 

High arches; the streamers do not per- 
sist long. Thunderstorm in S. W. 

A. 

A. 

A. 

9 P. M. A dark grey haze covers the 
zenith and the upper part«of the N. 
sky. After half an hour the nebu- 
lous body moves northwards, 'form- 
ing a segment which touches the 
horiz .n in JS. W. and K N. E. A 
streaming and whirhng commences 
which lasts for 2^ and fades away. 
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LIST OF AURORAS, 1859-1884. 



No. 



113 

113 
114 
115 
116 
117 
118 

119 

• • • « 

120 
131 

133 
133 

134 
135 
136 
137 
138 



139 
130 
131 



133 
133 
134 
135 
136 
137 
138 

tt • • 4 

139 



140 
141 
143 
143 

« • • 1 

144 

145 
146 

147 
148 
149 



Year — Mcaiih. 




Remarks. 



June 

July- 
July. 
July 
July 
July 
July 



July... 
July... 
July . . . 
August 



August 
August 
August 
August 
August 



September 
September 
September 



September 
September 
October . . . 
October . . . 
October . . . 
October . . . 
October . . . 
November 
December. 



1863. 



January . 
January . 
January . 
February. 
March . . . 
March . . . 



April 
April 
April 
April 
April 
April 
May . 



30 

2 
5 
6 

7 

9 

30 

34 

36 

39 

3 



August 4 

August 



8 

18 
19 
23 
38 
31 



1 

3 

35 



26 
27 
4 
6 
11 
31 
33 
30 
34 



8 
10 
34 
33 
10 
31 

8 
13 
15 
17 
18 
31 
21 



Phenomenon similar to June 38tb, but 
far infer or in intensity. 

Strong streamers . 

High; streamera 

High; streamers. 

High; streamers. 

Average brilliancy. 

Appeared in E. wh^'ch is unusual. 
Heat lightning in N. W. 

Low and faint. 

A. 

Not low, but faint. 

Moderate streamers. Thunderstorm 
in N. W. 

Same. Thunderstorm inS. W. 

Nearly the same, Thunderstorm in 
S. W. and S, 

Average brilliancy. 

Extended; isolated beams. 

Average brilliancy. 

Same; heat lightning in N.W. 

High streameis; thunderstorm above 
the horizon in south. Heat light- 
ning above the horizon in N. £. 

High streamers. 

Average brilliancy. 

Began an hour after sunset and last- 
ed throughout the night till sun- 
rise. 

Average brilliancy. 

Average brilliancy. 

Same. 

Same. Thunderstorm in S. 

Faint 

Faint; strong gale. 

High; streamers. 

\. 

Vivid; streamers. 



Low; streamers. 

High; streamers. 

Average brilliancy. 

Average brilhancy. 

A. 

Average brilliancy. A thunderstorm 

next morning. 
Faint an * low. 
Average biilliancy. 
Same. 
Same. 
Same. 
A. 
A. 
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LIST OF AURORAS, 1859^1884. 



No. 



150 
151 
152 
153 
154 
155 
156 

157 
158 
159 



160 
161 
163 
163 

• • • 1 

164 
165 

166 
167 



168 
169 
170 
171 
172 
173 

• • • 1 

174 
175 
176 

177 
178 
179 
180 
181 



182 

• • • t 

183 
184 
185 
186 

• • ■ I 
187 
188 



Year — Month. 



June 

July 

July 

July 

July 

August 

August 

September 

0v pi^uiDeJr *«••••••«••« 




October 

October 

October 

October 

October 

November.... 
November 

November 

December . . . 

1864. 

February 

February 

February 

May 

August 

August 

August 

SjBptember . . . 
September . . . 

October 

October 

October 

October 

November. . . . . 
November 

1865. 

January 

January , 

January 

February 

February 

February 

February . . . . . 

March , 

March , 



13 
6 
23 
26 
31 
7 
14 

9 
13 
23 



9 
10 
12 
14 
20 
2 
4 

8 
1 



1 

8 

9 

2 

24 

25 

30 

20 

24 

6 

8 

9 

20 

3 

19 



17 
]8 
29 
18 
22 
23 
26 
16 
24 



Remarks. 



Moderate streamers. 

Vivid; high streamers. 

Average brilliancy. 

Same. 

Active streamers. 

Began 9»» 15"» lasted 30 . 

Streamers. Heat-lightning in K. E. 
Thunder storm in 8. WT 

High: extended; streamers. 

2 A. M. Average brilliancy. 

Very extended. The nebulous seg- 
ment parts into several sub-phe- 
nomena; each of wh*ch streams 
towards its own point of converg- 
enca 

Rather dim. 

Moderate. 

Moderate. 

Low and faint. 

A. 

Low and faint. 

Thunderstorm till 8 P. M ^ter the 
clouds aisperse, aurora. 

Moderate. 

Moderate. 



Moderate. 

Moderate. 

Moderate. 

Faint 

Moderate; Heat-lightning S., S. W. 

Same: same. 

A. 

Dim. 

Low; streamers. 

Moderate. 

Moderate. 

After 12^ ; moderate. 

Average brilliancy. 

Moderate. 

Low and faiot. 



Low and faint 

A. 

Same. 

Low and rather dim. 

Same. 

High streamers. 

A. 

Low and faint. 

Same. 
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LIST OF AURORAS. 1859-1884 



No. 



189 
190 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

• • • * 

201 



202 
205 
204 
205 
206 
207 

• • • 4 

208 
209 
210 

211 
212 
213 
214 



215 
216 
217 
218 
219 
220 
221 



222 
223 
224 
225 



Year — Month. 



April. 
May . . . 

May . . . 
May . . . 
May ... 
June. .. 
June... 
July . . . 
July . . . 
July . . . 
July . . . 
July . . . 
July . . . 
August 



August 

August 

August 

August 

August ...••• 

August 

August 

August 

August 

September . . . 

September . . , 
September . . , 
September . . , 
September . . , 

September . . , 

October 

October 

October 

October 

October 

November.. . 
November.. . 

1866. 

January 

January 

February. .. . 
February. .. . 




Remarks. 



16 
25 
26 
10 
23 
13 
16 
17 
18 
22 
23 
4 



10 
11 
12 
14 
18 
20 
21 
25 
26 
8 

10 
11 
12 
20 

28 
9 
10 
15 
18 
20 
8 
11 



8 

20 
1 
5 



Moderately high. 

Very extended; active streamers up 
to the zenith. 

After 12*» moderate. 

Rather faint 

A few isolated beams. 

Vivid; high streamers. 

Moderate; Heat-lightning S. W. 

Active. 

Moderate. 

Faint. 

In the zenith. 

Vivid; high streamers. 

A. 

High; extended; bright arches and 
isolated clouds, the latter emittiug^ 
streamers. At 10 P. M. a bieeze 
sprung up from the E. N. E., 
forciug the streaming clouds 
towards the west, but leaving the 
arches undisturbed. The higher 
arches passed through Cassiopasa, 
Before the wind arose, streamers 
were seen south of the zenith. 

Rather dim. 

Faint; soon disappears. 

High streamers. 

Moderate. 

High, extensive and active streamers. 

Low; soon disappears. 

A. 

After 12 ; moderate. 

After 12»' . 

High; streamers; heat-lightning in 
N. E. 

Moderate. 

Rather faint. 

Moderate; heat-lightning in N. E. 

High; streamers; heat-lightning (once) 
in N. E. 

A. 

High, but faint 

Dim. 

Faint; all night 

High, strong beams. 

Moderate. 

Low; active streamers. 

Low and dim. 



Dim. 

Moderate. 
Rather faint. 
Moderata 
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No. 



236 
237 
228 
229 
230 
231 
232 

• • • I 

233 
234 
235 

236 

• • • I 

237 

238 

« • • < 

239 




240 
241 
242 
243 
244 
245 
246 



247 

248 
249 
250 



251 
252 
253 
254 
255 
256 
257 
258 
259 

260 
261 
262 
263 
264 
265 

• • « I 

• • • • , 



March 

March 

March 

March 

March 

May 

May 

July 

July 

July 

August 

August 

September .... 

September 

October 

October 

October 

October 

1867. 

March 

March 

May 

May , 

May 

June 

July. X 

July 

July. 

July. 

July. 

July. 

August 

August 

August 

August 

August 

August 

September 

September 

September 

September 

September 

September 

September 

September 

September 

September 

September 

October 

October 



5 

7 

9 
16 
18 
12 
14 

7 
12 
31 

9 

15 

11 

12 

5 

7 

13 
24 



5 

7 

2 

4 

29 

22 

18 

19 

21 

22 

28 

29 

5 

10 

13 

14 

19 

23 

1 

6 

9 

13 

16 

20 
21 
22 
25 
26 
29 
1 
2 



Remarka 



Dim. 

Moderate. 

Low; h gh streamers. 
Low; and faint. 
Low; streamers. 
Average brilliancy. 
In the zenith. 
A. 

Low; streamers. 
Average bnlliancy. 
Moderate. Thunder storm above hor- 
izon from W. to E. 
Moderate. 
A. 

Moderate. 
Low and dim. 
A. 

Moderate: streamers. 
A. 



Rather dim. 

Average brilliancy. 

Low, 

Moderate. 

High; streamers. 

Moderate; heat lightning in S. 

Moderate; unusual \ position in the 

west. 
A. 

Moderate. 
Dim. 

Moderate. 
Same. 
A. 

A. 

Moderate. 

Same. 

Low and dim. 

Moderate. Heat lightniog in S. S. E. 

Moderate. 

Faint. 

Rather faint. 

Strong; streamers. 

Moderate; heat lightning below N.W. 

horizon. 
High; streamers. 
Moderate. 

Low; high streamers. 
Very active; streamers. 
High; high streamers. 
Very extended; dim. 
A. 
A. 
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No. 



266 

267 

268 



269 
270 
271 
272 
273 



274 
275 
276 

277 
278 
279 
280 
281 
282 
283 
284 



285 

286 

287 
288 
289 

290 
291 
292 
293 
294 

295 

296 
297 

298 

299 

800 
301 
302 
303 
304 
805 
806 



Year — Month. 



October 

October 

November. . . , 

1868. 

January 

January 

February 

March 

April 

April 

April 

April 

April 

April 

May 

May 

May 

May 

May 

May 

June 

June 

June 

June 

June 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

August 

August 

August 

August 

August 

August , 

September . . 
September . . 




Bemark& 



23 
25 



12 
18 
20 
20 
12 
15 
18 
19 
20 
27 

9 
10 
18 
20 
25 
30 

5 
10 



18 

20 

29 

1 

4 

7 

8 

10 

11 

13 

14 

16 
17 
18 

9 

11 
13 
18 
20 
31 
3 
6 



Intense streamers 

in W. 
Rather dim . 
Faint. 



Thunder storm 



Rather faint 

Low; aid faint. 

Same. 

Some streamers. 

Situated unusually far to the West. 

A. 

A. 

Somewhat extended. 

Low; high streamers. 

Extended but faint. 

Average brilliancy. 

Same. 

Same. 

Same. 

Same. Heat lightning in W. 

Of short duration. 

Moderate. Heat lightning in N. E. 

Very extensive. Covers part of the 
southern sky. Streamers on both 
sides of the zenith. 

High streamers. Heat lightning be- 
low horizon S, S. E. 

In zenith. 

Low: with high streamers. 

In zenith. 

Avera>;e brilliancy: Heat lightning 
in S. S. E. 

In zenith. 

The centre exactly in the zenith. 

Very extended: active streamers. 

Moderate: Heat lightning in S. S. W. 

Streamers: Heat light uing above N. 
E. horizon. 

Vivid and active streamers. A thun- 
der storm in the afternoon. 

Low: Heat lightning in W. 

Streamers: Same. 

Average brilliancy: Heat li^tning 
in S. E. 

Low; 4°-5'* above horizon. Streamers 
pass beyond zenith. 

Low; high streamers 

Low. 

Low; streamers. 

Low. 

Very extended; active streamers. 

Low and faint 

Average brilliancy. 



J 



1 
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No. 



307 

808 



309 
310 
311 
312 
813 
314 
315 
816 
317 

• • • < 

318 
319 



320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
8^ 
331 
332 
333 
334 
835 

• • • I 

336 

337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
852 



Year — Month. 




September . . . 
September . . . 

September . . , 
September . . . 
September . . . 
September . . . 
September . . . 

Ociober 

October 

October 

November. . . . 
November.. . . 
December . . . 
December . . . 

1869. 

January 

January 

January 

February 

February 

March 

March 

March 

March 

Aoril 

April 

April 

April 

April 

April 

April 

April 

April 

April 

May 

May 

May 

May 

May 

June 

June 

June 

June 

September . . . 
September . . . 
September . . . 

October 

Odtober 

December . . . . 



12 
15 



18 
20 
22 
23 
30 
14 
16 
22 
12 
22 
10 
17 



6 
7 

23 

3 

11 

2 

10 

17 

23 

2 

3 

4 

5 

7 

9 

10 

12 

16 

30 

5 

7 

8 

9 

10 

1 

3 

4 

7 

27 

28 

29 

25 

31 

4 



Remarks. 



Unusually far east, 

Widely extended; consisting of de- 
tached clouds from which stream* 
ersrise. 

Active streamers. 

Average brilliancy. 

Same. 

Same. 

Dim. 

Low. 

Bright; no streamers. 

Average; with streamers. 

Low and faint. 

A. 

Average brilliancy. 

Same. 



Same. 

Rather faint. 
Same. 

Very high; active streamers. 
Dim. 

Rather faint 
Low; streamers. 
High; 3ame. 
Low and faint. 
Very extended; streamers. 
Low and streamers. 
Same. 

Extended; active streamers. 
Low. 

Low and faint 
Same. 
A. 
Very extended streamers beyond the 

zenith. 
In the zenith. 
Same. 

High streamers. 
Average brilliancy. 
Same; heat-lightning in W. 
In the zenith. 
Average brilliancy. 
Same. 
Same. 
Same. 

Very vivid; high streamers. 
Average brilliancy. 
Same. 
Same. 

High streamers. 
High arch; moderate streamers. 
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No. 



Year — Month. 



Dav. 



Remarks. 



358 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 

• • • t 

865 
366 
367 
368 
369 
370 
371 
372 

373 
374 
375 
376 
377 
378 
379 

380 
381 
382 



383 

384 
385 
386 
387 
388 
389 
390 
391 
392 

393 



394 
395 
396 



1870. 

January 

January 

January 

January ' 

February 

February 

February 

February 

March 

March 

March 

March 

March 

March 

April 

April 

April 

April 

April 

May 

May 

June 

June 

June 

June 

June 

June 

Jirty 

August 

August 

August 

August 

August 

September 

September 

September 

September 

Sepf ember 

September 

September 

October 

October 

October 

November 

November 

November 

November 



3 

4 

26 

31 

3 

11 

20 

24 

1 

3 

3 

13 

21 

28 

2 

5 

20 

21 

25 

1 

19 

15 
17 
19 
20 

21 
26 

27 

19 
21 
35 
26 
39 
3 
17 
18 
20 
21 
25 
26 
14 
20 
27 

12 



14 
17 
21 



Average brilliancy. 

Same; rather far E. 

Low aud faint. 

Same. 

Faint 

Average brilliancy. 

Low; active streamers. 

Average brilliancy. 

Same; stream<$rs. 

Faint. 

Moderate streamers. 

Rather faint. 

A. 

Rather faint. 

Same. 

High streamers. 

Avr rage brilliancy. 

Same. 

Same. 

Same. 

Extends over whole northern sky; 
streamers in isolated groups. 

Very active streamers. 

Low; high stKamen. 

Same. 

Moderate streamers. 

Faint. 

Average brilliancy. 

High; active streamers. Heat light- 
ning in E. to S. 

Extended; active streamers. 

Rather faint. 

Average brilliancy. 

A. 

A. 

Extended but faint. 

Low; active streamers. 

Average brilliancy. 

Same. 

Same; in easterly position. 

Average brilliancy. 

In zenith. 

Very high; thunderstorm in N. 

Average brilliancy. 

Same; but extending to both sides of 
the zenith. 

8** 15™. A dark grey haze covering 
the zenith. After half an hour the 
nebulous body moves north, form- 
ing an arch emitting streamers. 

In the zenith. Streamers pl<tinly seen . 

Dim. 

Dim. 
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No. 



897 
398 
899 
400 
401 
402 



Year — Month. 



Day. 



Remarks. 



403 
404 

• • • • 

405 
406 
407 
408 
409 
410 
411 
413 
413 
414 
415 
416 
417 



418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 

• • • 4 

440 



November, 

December 

December 

December 

December 

December 

December 



1871. 



January . 
January . 

4* 

January . 
February. 
February. 
February. 
Februa^. 
March . . . 
March . . . 

April 

April 

April 

April 

May 

May 

May 



May 

May 

May 

June 

June 

June 

June 

July 

July 

July 

July 

August . . . 

August . . . 

August . . . 

August . . . 

August . . . 

September 

September 

October . . . 

November 

November 

November 

December . 

December. 

December. 

December. 



24 
3 
15 
21 
22 
24 
26 



20 

21 

24 

10 

13 

21 

24 

21 

28 

1 

9 

11 

13 

7 

8 

19 

18 
21 
22 

6 

10 
15 
17 

2 
14 
21 
23 

5 
11 
12 
17 
23 

6 

7 
10 

1 

10 
14 

8 

9 
10 
16 



High; streamers. 

Faint 

Much extended; high streamers. 

Average brilliancy. 

Low and faint 

Same. 

A. 



Extended over whole north sky. 

Rather faint 

A. 

Average streamera 

Same. 

Same. 

Very vivid; active streamers. 

Average brilliancy. 

Same. 

Same. 

Active streamers. 

High streamers. 

Same. 

Dim. 

Average brilliancy. 

High streamers. Heat lightning in 

N. E. 
A. 

Moderate streamers. 
High streamers. 
Same. 

Very extended and active streamers. 
Dim. 

Extended; moderate streamera 
Vivid; high streamers. 
Average brilliancy. 
Same. 
Same. 

Same. Heat lightning in north. 
Moderate. 
Faint 
Moderate. 
Sama 

Low and faint. 

Very extended; moderate streamers. 
Average brilliancy. 
Faint. 
Same. 
Same. 

Extended; active streamers. 
A. 

In zenith; streamers. 
A. 



22 
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No. 



Year — Month. 



Day. 



Remarks, 



441 
442 

V • • < 

448 
444 
445 
446 



447 
448 
449 
450 
451 
452 

453 

454 



455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 



466 
467 



468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 



1872. 

February 

February 

March 

March 

March 

April 

April 

April 

May 

May 

June 

June 

July 

August 

August 

August 

August 

August 

August 

August 

August 

September . . . 
September . . . 
September . . . 

October 

October 

October 

November . . . 
November . . . 

1873. 

January 

January 

January 

February 

Februarv 

February 

February 

February 

March 

March 

March , 

March 

AprU 



4 

5 

5 

20 

28 

3 

10 

27 
24 
30 
15 
22 
27 
3 

8 

14 



20 
24 
25 
26 
29 
4 
5 
29 
14 
16 
28 



23 

27 



5 

18 
25 

1 

4 
21 
23 
24 

3 
21 
23 
29 
18 



Average brilliancy. 

Same. 

A. 

Active streamers. 

Average brilliancy. 

Same. 

Near the zenith; streamers shooting 

up from detached clouds. 
A. 

High streamers. 
Rather faint. 
Average brilliancy. 
Rather faint 
Average brilliancy. 
Very high; extending over part of the 

S. sky. 
Moderate: thunder storm in the N.W. 

horizon. 
At 9 P. M. the northern sky presented 

a very shining aspect, with nothing 

visible which could explam. the 

source of the illumination. 
Aurora in zenith; heat lightning in N. 
High; streamers. 
Same; heat Jightning in S. E. 
Same; same in E. S. E. 
Low with high streamers. 
High; with streamers. 
Same; heat lightning in S. E. 
Average biilliancy. 
In the zenith. 
Average brilliancy. 
Low; with ntreamers which originate 

below (or at) the horizon and ex« 

tend high. 
Low and faint. 
Average brilliancy. 



A. 

High; active streamers. 

Average brilliancy. 

Same. 

Faint. 

Low and faint. 

Low; high streamers. 

Average brilliancy. 

Dim. 

Moderately extended; streamers. 

Average brilliancy. 

Rather faint. 

Faint. 
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No. 



480 
481 
483 
483 
484 
485 
486 
487 
488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 



504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 



522 
523 
534 
525 

• • • • 

526 
527 



Year — Month. 



Day. 



Remarks. 



April 

May 

May 

May 

May 

June 

June , 

June , 

June 

June 

June 

June 

June , 

July 

July 

July 

August 

August 

August 

August 

August 

September . . . 
September . . . 
December 

1874. 

February 

March 

March 

April 

April 

April 

May 

June 

July 

August , 

September . . . 

October 

October 

October • 

October 

November.. . . 
November .... 
November.. . . 

1875. 

February 

February 

March 

April 

May 

July 

July 



21 
15 
16 
23 

28 
1 

11 
18 
20 
23 

24 
26 
27 

16 
21 
30 
12 
17 
18 
26 
27 
13 
22 
14 



14 

7 

8 

3 

6 

7 

4 

3 

12 

12 

11 

3 

4 

6 

13 

7 

28 

29 



24 

26 

2 

7 

2 

26 

30 



Faint. 

Average brilliancy. 

Dim. 

Average brilliancy. 

Same. 

Intense; with streamers. 

Dim. 

Extended but faint. 

Faint. 

Average brilliancy. Heat lightning 

in W. and N. 
Average brilliancy. 
Extended; active streamers. 
High; same. 
Rather faint. 
Low; active streamers. 
Faint. 

Average brilliancy. 
Same; thunderstorm low in S. 
Low. 

Average brillancy; after 12^ . 
Low; high streamers. 
Average brilliancy. 
Rather dim. 
Average brilliancy. 



Same. , 

Extended but rather faint 

Average brilliancy. 

Low. 

Average brilliancy. 

High; with streamers. 

Vivid; same: 

High; with streamers. 

Low; moderate streamers. 

High; streamers. 

Faint; heat lightning in W. N. W. 

Extended; high streamers. 

Average brilliancy. 

Average brilliancy. 

Average brilliancy. 

Average brilliancy. 

High; streamers. 

Low and faint. 



Dim. 

Extended and active streamers. 

Average brilliancy. 

Same. 

A. 

Rather faint. 

Sama 



■ 
i 

I 
1 
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No. 



Year — Month, 



628 

• • • I 

529 



530 
531 
532 
533 
634 
635 
536 
537 
538 
539 
640 
641 
542 
643 



544 
645 
546 
547 

548 
549 

• • • « 

650 
651 



552 
553 
554 
555 



556 
557 

.658 

• • • < 

.659 
560 
561 
662 



September . . 
September . . 
September . . 
October 

1876. 

January 

January. .♦. . 
February .... 

February 

February. . . . 

March 

March 

July 

August 

August 

September . . 
November . . 
November . . 
December . . 

1877. 

January 

March 

April 

April 

May , 

May 

June 

October .... 
November. . . 
December 

1878. 



1879. 

April 

June 

September . . . 
October 

1880. 

February 

March 

April 

April 

May 

May 

August 

August 



Day. 



3 

7 

8 

31 



14 
27 
13 
17 
19 
25 
26 
16 
11 
12 
22 
10 
14 
7 



7 
9 
5 

14 

2 

28 

19 

11 

9 

6 



Remarks. 



19 
17 
10 

8 



15 

12 
1 
9 
1 

14 
5 

12 



A. 

Over the whole N. sky. 



Low. 

Low. 

Average brilliancy. 

Extended but faint. 

Same; active streamers. 

Faint. 

Same. 

Average brilliancy; streamers. 

Low; high streamers. 

Average brilliancy. 

Very bright; no streamers seen. 

Dim. 

Dim. 

Dim. 



Low and dim. 

Extended; active streamers. 

Faint. 

High; streamers. 

Same. 

Same. 

A. 

Extended but faint. 

Average brilliancy. 

A. 

No aurora was seen by the observer 
during 1878 within usual hours of 
observation. 



High; streamers. 

Same. 

Low and faint. 

Same. 



Dim. 

High; streamers. 

Moderate streamers. 

A. 

Average brilliancy. 

Same. 

Rather faint. 

High; streamers. 
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No. 



563 
564 

565 

566 
567 



568 
569 

570 

• * • ' 

571 



Year — Month. 



572 
573 
574 
575 
576 
577 



578 
579 

« ■ • < 

580 
581 
583 
583 



584 

585 
586 
587 
588 

589 
590 
591 

592 
593 
594 



595 



August 
August 

August 



September 
October. . . 



1881. 



March 
April . 



September 
September 
November. 

November. 
November. 
December. 
December. 
December . 
December . 



1882. 



January.. 
January . . 
February. 
February . 
February , 
February. 
February. 



April 

April 

April 

August . . . 
September 

October. .. 
October . . . 
November. 
November. 
November . 
November. 
December. 



1883. 




February. 
February. 
March . . . 



13 

27 

31 

27 

7 



18 
28 

12 
13 

8 

19 
23 
8 
9 
14 
23 



11 

19 

1 

5 

9 

12 

13 



15 
16 
20 
10 
3 

14 
16 
13 
15 
18 
19 
15 



27 

28 

2 



Remarks. 



High streamers; heat-lightnmg in N.E. 
Same. Thunder storm on the previous 

afternoon. 
Average brilliancy; heat lightning in 

E. and S. E. 
High; streamers. 
Average brilliancy. 



Same; streamers. 

High; streamers; thunder storm in 

day. 
Average brilliancy. 
A. 
Very active fttreamers still X^isible in 

morniug of November 9th. 
Average brilliancy. 
Extended but faint. 
Average brilliancy. 
Rather dim. 

Extended; high streamers, 
Average brilliancy. 



Low: high streamers. 

Extended; moderate streamers. 

A. 

Low; few streamers. 

Same. 

Same. 

Aurora in the zenith, concealed by a 

di«rk haze. In N. E. and S. W. where 

the clouds are divided, streamers 

are seen. 
Rather faint. 

Extended ; active streamers. 
Average* bril'iancy. 
Moderate streamers. 
Low, and at long intervals a few 

streamers. 
Low; streamers. 
Low and faint. 
Low; a few streamers. 
A. 

Extended; moderate streamers. 
Moderate streamers. 
Extended; same. 



Moderate streamers. 

A. 

A. 
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No. 



596 
597 
598 
599 

• • • < 

600 
601 

602 
603 
604 
605 
606 
607 
608 



Year — Month. 



March 

April . . . . . 

April 

July 

July 

July 

August . . . 

August . . . 
September 
September 
September 
November 
November. 
December. 



Day. 



28 
15 
24 
29 
30 
31 
4 

7 
4 
16 
25 
1 
2 
1 



Remarks. 



Average brilliancy. 

Same. 

Same. 

Rather faint 

A. 

Dim, 

In the zenith; occasionally streamers 

are seen. 
Rather faint. 
Faint. 

Very extended; active streamers. 
Low; high streamera 
Average brilliancy. 
Same. 
Same." 



The following summary of Mr. Lueder's observations naay 
be found useful. It refers only to this series, and does not 
include the auroras observed at Madison. 



THE WASHBURN OBSERVATORY. 



343 



00 
00 



00 






O 



O 
PQ 



•smng 


WCDt-T-iOOTHOXOaT-iCOOOOt-COOOOO'^OOOTHClOt-TH 
rl O G<» Tj< C>4 tH t1< tH GQ iO CO *0 CO GQ 00 r-i i-H i-l t-i tH tH 


i 

CO 


•j9qxnaD9Q 


■HC«C0T-ii-iOOOO0iiH»0<NOi-HOOTHOOOOTHTHi-i 


•jaqniaAO^ 


i-iOOOOO(MC<IOtHi-iO»OCO<MOCOO<Mi-IOOOOOCO(M 


i 
CO 


•jaqoijoo 


C0THC0i0Tt<Tt<10C4«C0 0JC0i-lC0O'^THOTHOTH^OC<lO 


s 


•jaqiuaijdeg. 


1 

COlOt-lOCCCQiOi-lT-lOSOOt-CQOOCQTHTHTHOOTH^i-l'r-ICO 


T-l 


•i^snSnv 


THcoi>ao<M<Moac<iTj<coocoiOODio^oc<ioooiooT-'<M 

• 


00 


•XlTlf 


COCOOOOTHOlCWlOrHOTHTH-^COTHOlT-lOOOOOOCQ 




•eunf 




'oO'^i-iO(MOtH»OtJ4QD'^CQODtHOOOOtHOOOO 


§ 


•^«iU 




'»0i-i01|OtHtH<MC0»I00*»0W^t-iOO01OO(MOOO 


5 


•[udv 




•OOTH'^lOOTHOO"^OiiOTj<GQCQOOi-iOOlOTHT-»THGOCil 


s 


•qoj«|^ 




•Tj4C'lTHTHOOil»OOlTH'^IOGQOiTj4eiTHOlTHOOTHT-«OTH 

• 


:$ 


'iCj'eiuqa^ 




;^OlTHTHCOCOClOTHWt*"^«lOT-»OlOOOOOTHOTHrH 


^ 


•XiBnu-BX* 




-COr^<MCOOOlOiO<MflO'^<MOOiOOOiTHOOOOe!lO 


CO 


•lB9i 


<»0^<NCO:*i2Sgb:GO^OTHgOO;*JO»t-00®OTH 

IO«O<O«O«O«OCOCOCO«O<OI>t-t*t-t-t-t>l>l>t-000DQO06 

00000000000000000000000000000000000000000000000000 


• 
• 

• 

£ 

5 


T^ ij It i..i_j,i^ ^ i_d i_d ^ -^ 





344 , PUBLICATIONS OF 



ERRATA AND ADDITIONS TO VOL. I. 

Page 8. The longitude of the 6-inch Equatorial is +0^ 49™ 25« .60. 

84. No. 35. R A. for 19^ 17°^ 1« , read 19^ 16™ 52« . Dec. for - 18° 

43', read - 18° 44'. For 1781 . 638, read 1881 . 638. 
86. No. 42. For Anon, read Aoe, 20926. Dec. For —17° 44', read 

- 17^ 46'. 
161. VIII. Title, dele the word " Reduce." 
161. Line 9 from top: R. A. for V' 58™ 45« , read 1»» 48™ 45« . 
168. The position of the Lick Observatory from Coast Survey data^ 
kindly communicated by Prof. Davidson, is, 
Latitude =4-37° 20' 23". 5. 
Longitude = 8^ 6™ 34* .15 (Greenwich.) 
Longitude = 2*^ 58™ 22« .06 (Washington.), 



ERRATA AND ADDITIONS TO VOL. II. 

Page 2, line 10; for A read An. 

35, line 20; for ± 0.005 read ± 0.0005. 
35, line 25; for + 0.00045 read + 0.0045. 

35, from measures of the distances of the wires of the glass reticle 
(May 1884) the value of the R. A. screw is 4^.271 ±0.0015. The 
adopted value of the screw, from both series is 4^283. 
41, diameter of pivots; for 1.333 read 1.339. 

NOTE TO PAGE 72. 

During the period July 9- Aug. 22 the North Collimator micrometer was 
used to set on the fixed wires of the S. C. which remained untouched. The 
N. C. itself was unchanged, except as to its micrometer. The variations in 
the micrometer reading for the coincidence of the collimators show then 
the sum of the variations in the collimation of the N. C. and S. C. and of 
any variations in the relative positions of the Ys of the two collimators, 
due either to bodily movement of the brick piers or to shifts in the position 
of their adjusting screws. The table gives the reading for coincidence for 
each day. During the period July 9-13 to July 24-28 the total angular 
change was 4". 97. Supposing the S. C. to remain absolutely fixed and the 
whole change to be in the brick pier of the N. C. it would follow that the 
change of this pier was less than 0.005 inches to the East From July 24-28 
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to Aug. 6-9 the whole change was 3".64. Under the same suppositions, the 
brick pier of the N. C. moved less than 0.004 inches to the West, From 
Aug. 5-9 to Aug. 19-22, the whole change was 1".61. Under the same sup- 
positions, the brick pier of the N. Q. moved less than 0.002 inches to the 
East It appears to me that these figures show a remarkable stability in 
the piers, in the collimator micrometers and in the mountings of the Ys of 
the collimators themselves. Even when the sum of all the possible changes 
is thrown upon the change of the brick pier of the N. C. alone, the mean 
daily movement of thife pier (using all the observations) is not above 0.001 
inches in the direstion East — West. The variations in level are much 
greater. 



Date. 


Rev. 


1883. 




July 9. . 


.828 


10.. 


.816 


11.. 


.798 


12.. 


.758 


13.. 


.765 


14.. 


.776 


15.. 


.755 


16.. 


.742 


16.. 


.735 


17.. 


.740 


18.. 


.795 


19.. 


.800 


20.. 


.801 


21.. 


.746 


22.. 


.727 


23.. 


.730 



Date. 


Rev. 


1883. 




July 24.. 


.732 


25.. 


.723 


26.. 


.724 


27.. 


.707 


28.. 


.722 


29.. 


.720 


30.. 


.734 


31.. 


.733 


Aug. 1.. 


.732 


2.. 


.728 


3.. 


.710 


3.. 


.777 


4.. 


.780 


5.. 


.778 


6.. 


.820 


7.. 


.757 



Date. 



1883. 
Aug. 8. 
9. 



10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
21.. 
22.. 



Rev. 



.760 
.756 
.752 
.740 
.751 
.751 
.778 
.708 
.753 
.755 
.755 
.757 
.754 
.748 
.749 
.757 



Date. 



1883. 

Aug. 28... 

Setting of S. 
C. changed. 

Aug. 23 

24 

25 

26 

27 

28 

29 

30 

31 
Sept. 3 



Rev. 



097 
102 
105 
106 
119 
108 
109 
198 
097 
097 



Page 76, line 22; for N. C. read U. C. 
83, line 12; for C-D read D-C. 
85, line 23; for single read nine. 

98, No. 101, column Remarks, dele ? 

99, No, 108, column Name; dele ? 
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Page 99, No. 108, column R. A. ; for 16» read 15" . 
99, No. 108, column Dec; for 57' read 58'. 
110, No. 7. for 17728 read 17704 

110, No. 9, for 48» .10 read 48" . 5, 

111, No. 18, add Time ± 0« .8. 
Ill, No. 22, for 52» .49 read 52^ .62, 
116, No. 37, for —12° 23' read +12° 23'. 
121, No. 175, for 13.3 raadBl.S. 

124, No. 250, for 5 . 6 read 5 — 6. 

124> No. 270, for Struve's read strong. 

127, No. 342, for — 8 15 read — 8 51. 

128, No. 377, for gazing read gaging. 

134, No. 515, for 48 35 read 43 35. 

135, No. 542, for +28 44 read +29 24. 

135, No. 553, for + 11 34 read +17 34. 

136, No. 593, for 47.0 read 17.4. 



Page. 


Tiine. 


CoL 


For 


Read 


144 


5 


Sweep. 


353 


358 


144 


8 


Remarks. 


Same. 


Some. 


145 


6 


Sweep. 


332 


362 


145 


11 


R. A. 


26 


36 


145 


14 


R. A. 


33 


53 


145 


14 


N. P. D. 


27 


37 


145 


15 


N. P. D. 


37° 21' 


ior3r 


145 


15 


No. St£irs. 


21 


21.1 


145 


27 


R A. 


3 


8 


146 


11 


R. A. 


13 


18 


147 


3 


N. P. D. 


103 


108 


148 


19 


N. P. D. 


19 


49 


148 


21 


N. P. D. 


36 


56 


150 


9 


R. A. 


29 


39 


150 


13 


N. P. D. 


50 


56 


150 


14 


N. P. D. 


38 


39 


150 


17 


R A. 


10 


16 


152 


27 


R. A. 


32 


28 


153 


20 


R. A. 


28 


23 


153 


29 


N. P. D. 


37 


39 


154 


29 


No. Gauges. 


i 


i 


155 


8 


R. A. 


25 


28 


156 


11 


Sweep. 


716 


715 


156 


17 


No. Stars, 


2.3 


20.3 


156 


21 


Sweep. 


815 


816 
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Page 164, No. 827; for 1^ 53° !« , readT^ ^ I 
188, No. 296; for 60 read 69. 



261, Table 

262, Table 

263, Table 
263. Table 
264> Table 
269, Table 



for 23»^ 40° read 23^ 20°. 
for 1£P» 30° read IS^^ 20°. 
for 8^ 30° read 8^ 20°. 
under 13»^ 0« ; +3% read 3.054. 
interchange 21'* 20° and 21^ 30°, 
line 2, supply "R." and "for." 
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Catalogue of the Woodman Astronomical Library 

OF THE 

\¥ASHBURN OBSERVATORY 

UNIVERSITY OF WISCONSIN. 



PART I.- TO JUNE I, 1884. 



TRUSTEES OF THE WOODMAN ASTRONOMICAL 

LIBRARY FUND. 



HON. ORSAMUS COLE, 

Chief Justice of the Supreme Court of Wisconsin. 

HON. WILLIAM F. VILAS, 

Regent of the University of Wisconsin. 

PROF. EDWARD S. HOLDEN, 

Director of the Washburn Observatory. 



INTRODUCTORY NOTE. 



The books in the library come from the following sources: 
(a) From the professional library of Professor James C. 

Watson; these were bequeathed by him to the National 

Academy of Sciences, and are loaned by the Academy to the 

Washburn Observatory; 
(6) From books purchased from funds given by Governor 

C.C.Washburn; this category comprises nearly all books 

bought before 1883; 

(c) From books purchased during 1883 from a specific gift 
ot Hon. Cyrus Woodman; 

(d) From books bought from a permanent fund provided 
for the support of the library by Mr. Woodman; 

(e) From gifts to the Washburn Observatory from scien- 
tific societies, from observatories, and from astronomers at 
home and abroad. 

The following pages contain a catalogue of the books and 
pamphlets in the library at the date of printing. The cat- 
alogue is arranged alphabetically by authors, except that 
for convenience, the title word for observatories, scientific 
societies and government departments, is taken as the city 
in which the observatory, society, etc., has its permanent 
home. Complete volumes issued by an observatory, are 
usually credited to the observatory and not to the author. 

Extracts from observatory publications are, however, cred- 
ited to the author, and so in similar cases. In so small a 
library as this, no attempt at bibliographic accuracy is re- 
quired. The format of books as 4to, 8vo, etc., as here given 
relates rather to their size. For exact information the cat- 
alogue of the great astrbnomical library at Pulkova should 
be consulted; when such work is once done in a perfect 
manner, it need not be continually repeated. 

One word may be said of the arrangement of the books 
and pamphlets in the library. While the catalogue is ar- 
ranged by authors only, the books are arranged on the 
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shelves by subjects. The pamphlets are kept in large draw- 
ers immediately below the book shelves, and a drawer is 
devoted to a subject. As soon as a pamphlet is received it 
is catalogued under its author's name, and placed in the 
drawer devoted to its subject. All the pamphlets on a given 
subject can therefore be at once consulted in one place; and 
all the works of a given author are to be found together in 
the card catalogue. I have used this plan for keeping 
pamphlets for eleven years, in my own library, in the library 
of the United States Naval Observatory, and here, and I con- 
sider it to be an entirely satisfactory solution of the trouble- 
some problem of how to treat pamphlets in professional 
libraries. I give below a list of the subjects which have been 
adopted. These titles are printed in large letters on the 
front of each drawer. 

Mathematics, Mathematical Tablec; Catalogues of Stars, Ephemerides; 
Astronomical Tables; Geodesy in General; Geography; Terrestrial Phy- 
sics; Geographical Positions; The Sun, Solar Eclipses, Solar Parallax; The 
Moon, Occultations; Theoretical Astronomy, Methods; Planets, Transits of 
Inferior Planets; Fixed Stars, in General; New and Variable Stars, Double 
and Binary Stars; Astronomical Constants, Precession, Aberration, Nuta- 
tion, Obliquity, Refraction, etc. ; Proper Motions of Stars, Stellar Parallax; 
Nebulae and Clusters; Observatories, Reports of (Descriptions); Astronomi- 
cal Instruments, Price Lists, (Descriptions); Comets, Meteors, Zodiacal 
Light; Optics, Photometry; Meteorology, in General; Astronomical Biog- 
raphy; Astronomical Bibliography; Publisher's Book Lists; Time-Services, 
etc . ; Star-Charts and Atlases. 

I shall be glad if those to whom this volume is sent will 
turn to the pages in the following catalogue which give the 
works written by them, and see if it is in their power to 
supply the missing volumes of our collection. Any such 
contributions will be very gratefully received. They may 
be sent through the Smithsonian Institution, Washington, 
free of expanse, and should be addressed to the Library of 
the Washburn Observatory, Madison, Wisconsin. 

EDWARD S. HOLDEN. 



CATALOGUE OF THE LIBRARY. 



Abbe (C): The Portable Transit instrument in the vertical of the Pole 
Star (translated from W. Doellen). Washington, 1870. 8vo. 
Historical Note on Least Squares. New Haven, 1871. 8vo. 
Auroras 1776-1784, in Labrador. New Haven, 187a 8vo. 
Report on the Solar Eclipse of July, 1878. Washington, 1831. 4to. 



Adams (J. C): Note on the value of Euler's Constant, etc. London, 1877. 8vo. 

: On the expression of the product of any two Leoendre's coeffi- 
cients by a series of Legendre's coefficients. London, 1877, 
8vo. 

: On the motion of the Moon's Node, etc. London, 1877. 8vo. 

: Note on a remarkable property of the analytical expression for 

the constant term in the reciprocal of the Moon's Radius Vector. 
London, 1878. 8vo. 

— : Continuation of * * * Damoiseau's Tables of Jupiter's Sat- 

tallites. 8vo. 

: Note on the resolution of x +^a — 2 cos na into factors. 1863, 4to. 

: Values of the first 63 numbers of Bernouilli. 8vo. 

Adcock (R. J.) Gravitation to the Sphere and the two ellipsoids of revolu- 
tion. Cincinnati, 1872. 4to. 
Airy (G. B.): Appendix to the Greenwich pbservations, 1837, contain- 
ing Logarithms of Sines and Cosines to time: and Tables for 
converting sidereal time into mean solar time. London, 1838» 
4to. I 

Catalogue of 1,439 stars for 1840.0. 

Catalogue of 2,156 stars (12 year). 

Catalogue of 1,576 stars (6 year). 

Catalogue of 2,022 stars (7 year). 

Ciatalogue of 2,760 stars (7 year). 

Catalogue of 2,263 stars (9 year). 6 vols. London, 1843-1876. 4to, 

On a new construction of the Divided Eye-glass Double-Image 
Micrometer. London (1845). 4to. 

Description of the Great Equatorial at the Royal Observatory, 
Greenwich. London (1868). 4to. 

On Sound and Atmospheric Vibrations, London, 1868. 12mo. 

The transits of Venus, 1874 and 1882. London, iS68, 8vo. 

History and Description of the Water Telescope of the Royal Ob- 
servatory. London (1871). 4to. 
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Airy (G. B.)- British Transit of Venus Expeditions, 1874. Instructions to 
observers. Greenwich, (1874), 4to. 

: Inferences for the Value of the Solar Parallax, from [eye] obser- 
vations of the Transit of Venus, 1874. London, 1877. 8vo. 

: Report on the Observations of the Transit of Venus, 1874. Lon- 
don, 1877. foUo. 

: Account of Observations of the Transit of Venus (1874). Lon- 
don, 1831. 4to. 

: iSccENCKE. 

: See EncyclopeBdia of Astronomy. 

Albany: Dudley Observatory. Dudley Observatory and the Scientific 
CounciL Albany, 1858. 8vo. 

: Dudley Observatory. A letter [anonymous] to the majority €f 

the trustees. Albany? 8vo. 

: Dudley Observatory. Annals, Vol. I (1866), II (1871). , Al- 
bany. 8ro. 

: Dudley Observatory. Report 1883, 1878. Albany. 8vo. 

Albrecht. (Th.): FormelnundHuelfstafeln. 2d edition. Leipzig, 1879. 8vo. 

Alexander (S): Expedition to Labrador to observe the Total Solar 
Eclipse, 1860. Washington, 1860. 4to. 

: Harmonies of the Solar System. Washington, 1875. 4to. 

Almanaque Nautico: Para el ano 1881, 1882. Madrid. 8vo, 

Alvord (B): The tangencies of circles and of spheres. Washington, 1855. 4to. 

American Almanac (The): 1835-6-7-8-9, 1840-1-2-3-4-5-6-7-8-9, 1850-1- 
2-3-4-5-7-8-9, 1860-1. Boston. 8vo. 

American Association for the Advancement of Science: Proceedings, 
Vols. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 14, 16, 29 (2 vols.) 30. 1848-1881 . 
8vo. 

American Ephemeris: and Nautical Almanac for the year — 1855-6-7-8-9, 
1860-l-2-3-4-5-6-7-«-9, 1870-l-2-3-4r-5-6-7-a-9, 1880-l-2-3-4r- 
5-6. Washington. 8vo. 

: Tables, to facilitate the reduction of places of the Fixed Stars, 

Washington, 1869. 8vo. 

American Journal of Mathematics: Vol. Ill, Nos. 2-3, Baltimore, 1880. 
4to. 

American Journal of Science: First Series; vols. 45, 46, 47, 48, 49, 50, 
(Index). Second Series; vols. 1, 2, 3, 4, 5, 6, -, 8, 9, 10, (Index), 

11, 12, , 47, 48, 49, 50, (Index). Third Series; vols. 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, (Index), 11, 12, 13, 14, 15, 16, 17, , 26; also, 

single Nos. 20, 21, 38, 39, 40, 41, 42, 43, 46, 47, 48, 55, 80, 94. New 
Haven, 1843-51; 1869-84. 8vo. 

AMpfeRE (A. M.): Essai sur la philosophie des Sciences. Part I. Paris, 
1838. 8vo. 

Analyst (The): Vol. VI. Des Moines, 1879. 8vo. 

Anderson (F): Bestamning af Planeten Undina's Bahn. Lund, 1870. 4ta 

: Same, Semele, Limd, 1872. 4to. 
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AndrI: (Ch.): Recherches sur le Climat du Lyonnais. Lyona, 1880. 8vo. 
Ani>k6 et Bayet: L* Astronomie pratique et les observatoires en Europe 

et en Amerique. VoL I, II, III, IV, V. Paris, 1874-1878. 12mo. 
Amoxjiso (A): Viaje a Europa en comision astronomica. Mexico, 1882. 8vo. 
Annals of Mathematics: Edited by O. Stone and W. M. Thornton. 

Volume I (current). Cincinnati, 1884 8vo. 
Arago (F.): Astronomie Populaire. Vols. 1, 2, 3, 4. Paris, 1854^1857. 8vo. 
Arqelander (F.): Uranometria Nova. 1 vol. text, and atlas. Berlin, 1843. 

16mo. 
: HiUfstafeln zur Berechnung der Beobachtungen in den sudlichen 

Zonen. Bonn, 1852. 32mo. 
Atlas Bonner Durchmusterung. Bonn» 1857. Folio. 
De Stella /S Lyrse variabili. Commentatio altera. Bonn, 1859. 4to. 

ft 

Nordlichter beobachtet in den Jahren 1823-1837. Helsingfors. 

1866, 4to. 

— : Eigenbewegungen von 250 Sternen. Bonn. 4to. 

: Feblerverzeichniss ftir die Bessel'schen Zonenbeobachtungen 

— 2"bis + 45^ Bonn. 4to. 
: Feblerverzeichniss fur die Bonner Zonenbeobachtungen + 45*. 

bis + 80\ Bonn. 4to. 
: Verbesserungen zu verschiedenen Stem Verzeichnissen. 

Aus Band Vt Bonner Beobachtungen. 

Aus Band VII Bonner Beobachtungen. Bonn. 4to. 
Argelander: ^eeKRUEGER. 
AsTEN (E von): Resultate aus O. v. Struve*s Beobachtungen der Uranus- 

Trabanten. St. Petersburg, 1872. 4to. 
: Untersuchungen iiber die Theorie des Encke'schen Cometen. 

Abhandlung I— IL St Petersburg, 1873-1878. 4to. 
ASTRAND, (J. J.) Ny interpolations methode. 1871. 8va 
Astronomical Instruments: See Catalogues of. 
Astronomical Journal: Vols. (1-2-3); 4; (5-6). 3 vols. Cambridge, 1851- 

1859. 4ta 
Astronomical Register: General Index to the first twenty volumes, by 

F. W. Levander. London, 1883. 8vo. 
AsTRONOMiscHE Nachrichten: Nos. 529 to 552. In Astronomical Pamph- 
lets. VoL 2. Altona. 4ta 
: Vols. (3G-1), 43, 44, (45-6-7), (48-9-50), (51-2-3), (54-5-6), (57-8-9) 

(60-1-2). (63-4-5), (66-7-8), (69-70-1), (72-3-4), (75-6-7), (78-9-80), 

(81-2-3), (84-6-6), (87-8^9), (90-1-2), (93-ir^), (96-7-8), (99-100- 

Erganzimgsheft), 101, 102, 103, 104, 105; also (General-registers, 

vols. 1-80). Altona-Kiel, 1850. 4to. 
Astronomical Notices: Nos. 1-20. Ann Arbor, 1858. 8va 
AuwERS (A.): Neue Reduction der Bradley'schen Beobachtungen, 1750- 

1762. Z welter Band. St. Petersburg, 1882. 4to. 
Bache (A. D.): Magnetic Survey of Pennsylvania. Washington. 4to. 
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Bache (A, D.) : Magnetic and Meteorological Observations at Girard College. 
Parts I, II, III, IV, V, VI, VII, Vni, IX, X, XI, XII. Washing- 
ton. 4to. 

: See Brewster. 

: See Gould . 

Backlund (O.): Zur Theorie des Encke'schen Cometen. St. Petersburg, 
1881. 4to. 

Backlund (A. V.): Bestamning af Polhojden for Lunds Observatorium. 
Lund. 4to. 

Baillaud (B.): Sur une transformation employee par Hansen. Paris, 
1878. 8vo. 

: Sur la methode de Hansen, pour la determination des perturba- 
tions absolues des petites planetes. Paris, 8vo. 

Baily (F): Astronomical Tables and Formulae. London, 1827. 8vo. 

: See Lacaillk 

: See Lalande. 

Baird (S. F.): Annual Record of Science and Industry, 1872. 1873. New 
York. 8vo. 

Ball (L. de): Declination von 200 Sternen innerhalb der Zone +49° bis 
+ 51^ Kiel, 1882. 4to. 

: Beschreibung der Oberflachen der Planeten Mercur, Venus und 

Jupiter. Kiel, 1882. 4to. 

: Bestimmung der Constante der taglichen Nutation. Kiel, 1883. 4to. 

Ball(R. S.): Elements of Astronomy. London, 1880, 8vo. 

Barclay (J. G.): Astronomical Observations during the years 1865-69 
(VolIL) 1878 (Vol IV.) London, 1370. 4to. 

Barlow (P.): * * * Construction of a telescope with a fluid concave 
lens. London, 1829. 4to. 

'■ — : On the performance of fluid telescopes. London, 1831. 4to. 

: On the construction of a fluid lens refracting telescope. London, 

1833. 4to. 

; See Encyclopaedia of Astronomy. 

Barnard (J. G.): Problems of Rotary Motion, presented by the Gyro- 
scope, etc. Washington, 1871. 4to. 

: On an alleged error in Laplace's Theory of the Tides 1877. 8vo. 

: On the Internal Structure of the Earth. Washington, 1877. 8vo, 

Bartlett, (A. K): Studies in Astronomy. Battle Creek (no date). 12mo. 

Bauernfeind (C. M.): Elemente der Vermessungs Kunde, Vols. I-II. 
Mimich, 1856. 8vo. 

Baumhauer (E. H.): Ueber einen Universal-Meteorographen. Leipzig. 8vo. 

Beaujean (A): See Littr]&. 

Beckett (E.): Clocks, Watches and Bells. London, 1874 8vo. 

Bebbe (W.): The Comet of 1771; its orbit. New Haven, 1879. 8va 

■_ — : Four place tables. New Haven, no date. 32mo. 

Bell (A. G.): The multiple telegraph. Boston, 1870. 8vo. 
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Benson (L. S.): Notes on the first book of Benson's Geometry, etc., et*. 

etc. New York, 1873. 8vo. 
Bergen: Observatory. Peric/if (1868-9-70) . Bergen, 1871. 4to. 
Bebgland (E.): See GyldIin. 
Berlin: Academy of Sciences. Akademische Sternkarten. 1 vol. Text, 

and atlas. Berlin, 1859. Folio. 
: K. Meteorologisches Institut. Ergebnisse der meteorologischen 

Beobachtungen in 1880-1-2. Berlin. 4to. 
: K. Preussiches Geodaetisches Institut Publicutionen. Astron. 

Geodatische Arbeiten, 1870, 1871, 1872-69-67, 1879-80, 1881-82. 

Leipzig and Berlin. 4to. 
: . Das Rheinische Dreiecksnetz. Ill Heft. Berlin, 

1882. 4to. 
: . Das Hessische Dreiecksnetz. Berlin, 1882. 4to. 



— '■ — : Observatory. Bericht fur 1866. 1867, 1868-71. Berlin. 8vo. 
Berliner Jahrbuch: For 1833, 1844, 45, 46, 1851, 54, 1873-4-5-6-7-8-9, 

1880-1-2-3-4-5. Berlin. 8vo. 
: [Ephemerides of Asteroids for] 1864, 1869, 1870-2-5-7-8-9, 

1880-1-2-3^. Berlin. 8vo. 
: Oertet von 539 Stemen f iir 1877-79-80^1-82. Bound in 1 voL 

Berlin, 1876-1882. 8vo. 
: Circulars: Nos. 1—217, except 6, 12, 13, 14, 15, 16, 23, 102, 107, 152, 

158, 161, 208, missing, Berlin. 8vo. 
Bern: Naturf orschende Gesellschaf t. Mittheilungen, 1851,1853. Berne. 

8vo. 
Bertrand (J.): Elogede U. J. LeVerrier. Paris, 1879. 4to. 
Bessel (F. W.): Fundamenta Astronomiaa. Koenigsberg, 1818. Folio. 

: Tabulae Regiomontanse. Koenigsberg, 1830. 8vo. 

: Populare Vorlesungen. Hamburg, 1848. 8vo. 

: Abhandlungen * * * herausgegeben von R. Engelmann. 

Vol. I, II, III. Leipzig, 1875-6. 4to. 

: Recensionen. Leipzig, 1878, 8vo. 

Bessel (F. W.) and Gauss: Brief wechsel. Leipzig, 1880. 8vo. 

Bessel (F. W.) and Olbers: BriefwechseL Vols. 1-2. Leipzig, 1852. 8vo. 

Birmingham (J.): The Red Stars, Observations and Catalogue. Dublin, 

1877. 8vo. 
Block (E.): Hiilfstafeln zur Berechnung der Polaris-azimuth. St. 

Petersburg. 1875. 4to. 
BOBOULIEFF (D.): Dissipation of Electricity in Gases. Trans, by C. Abbb. 

New Haven, 1874 8vo. 
BODE (J. E.): Astronomisches Jahrbuch. 1784-5-6-7-8-9; 1790-1-2-3-4- 

5-6-7-8-9; 1800-1-2, also Supplement-Band I (1793), and II 

(1795). Berlin. 8vo. 
BcBDDiCKER (O.) Physical Appearance of Jupiter during 1880-1. Dub- 
lin^ 1882. 4ta 
: Physical Appearance of Mars during 1881. Dublin, 1882. 4to. 
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BcEDDiCKER (O.): On the influence of Magnetism on the Rate of a Chix>- 
nometer. . Dublin, 1883. 4to. 

: See Lord RossE. 

BcEROEN (C): See Copeland. 

BOGUSLAWSKI (P. H. L.): Auszug aus der Uebersicht der Arbeiten • * 
der Schlesiflchen Gresellschaft fur vaterlaendische Kultur. 
Vortraege, 1840-l-3-4r-5-«-7-8. Ankang [to the abave] for 1843- 
46-47. [Meterological Observations]. Breslau. 4to. 

: On the use of a new Micrometer and its application to the deter- 
mination of the parallax of Mars. London. *4ta 

BoHLiN (K.) B .'stamning af Upsala observatoriums Polhojd. Stockholm, 
1882. 8vo, 

Bond (G. P.): The use of equivalent numbers in *** lepst squares. Cam- 
bridge, 1856. 4ta 

: On [Steinheil's] new form of object-glass. Cambridge, 1863. 8vo. 

: On the relative brightness of the Sun and Moon; on the 

light ©f the Moon and Jupiter; In Astronomical Pamphlets. 
Vol. I. 

: See Bond (W. C,). 

Bond (W. C), Graham (J, D ) and Bond (G. P.): Latitude of the Cam- 
bridge observatory. In Astronomical Pamphlets, VoL 2l 

Bonn: Observatory. Astronomisehe Beoba>chtungen. Vols. 1, 3, 8, 4, 5,6, 7. 
Bonn, 1846-1869. 4to. 

[Bonn]: [University of ] Circular of the Bureau of Education. Wash- 
ington, 1882. 8vo. 

Boss(L.): Declinations of Fixed Stars. Washington, (1877). 4to. 

: Observations of the Transit of Mercury, 1878. Albany, 1878. 8va 

Boston: American Academy of Arts and Sciences. Centennial Volume. 
Volume XI, part I. Cambridge, 1882. 4to. 

: American Academy of Arts and Sciences. Proceedings. Vols. 

1-2. (1846-1852), Boston. 8vo. 

Bothkamp: Beobachtungen angestellt auf der Stemwarte, etc., herausge- 
ben von H. C. Vogel. Heft I (1872), 11,(1873): herausgegeben 
von O. LoHSE. Heft III (1875). Leipzig. 4to. 

Breen (H.): The moon's semidiameter from occultationa London, (1864). 
4to. 

: Same, bound in Astronomical Pamphlets. Vol. 8. 

: Correction of Bouvard's elements of Jupiter and Saturn, Lon- 
don, (1868). 4to. 

Bremiker (C): Logarithmorum VI decimalium Nova Tabula Berolinen- 
sis. Berlin, 1852. 8vo. 

: G. VON Vega. Logarithmisch-trigonometrisches Handbuch. 40\h 

edition. Berlin, 1856. 8vo. 

: Logarithmisch-trigonometrische Tafeln mit 5 Decimal stellen. 8d 

edition. Berlin, 1880. 8vo. 

: (C): Tafel vier sielliger Logarithmen. Berlin, 1874. 8vo. 
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Breslau: Observatory. Mittheilungen * ♦ * tiber die hier bisher 

gewonnen Resultate fur die geographischen und klimatologis- 

chen Ortsverhfiltnisse, etc. Breslau, 1879. 4to. 
Brewster (D.): A treatise on optics. A new edition by A. D. Bache. 

Philadelphia, 1841. 8vo. 
— - — : The Martyrs of Science. Lives of Galileo, Tycho Brahe and 

Kepler. London, no date. 8vo. 
Brisbane (T. M.): Catalogue of 7385 Stars. London, 1835. 4to. 
Bruennow (F.): Lehrbuch der Sphaerischen Astronomie. Berlin, 1851. 8vo. 

— : Tafeln der Flora, Berlin, 1855. 4to. 

; Tables of Victoria, New York, 1859. 4to. 

Bruhns(C): Da planetis minoribus. Berlin, 1853. 4ta 

: J. F. Encke, Sein Lebenund Wirken. Leipzig, 1869. 8vo. 

: Langen-differeDz; Berlin -Lund. Lund. 1870. 4to. 

: Die Declinationen der bei der Gradmessung benutzten Fix- 

sterne. 1871. 4to. 
: Mittheilung ueber die Ermittelung der Coordinaten der Pleissen- 

burg, etc. Leipzig, 1872. 8vo. 

: Atlas der Astronomie. Leipzig, 1872. Oblong, 4to. 

: Ueber die von Herm L. R Schultze abgeleiteten Elemente des 

Cometen 1, 1830. Leipzig, 1872. 8vo. 
Die Astronomen auf der Pleissenburg. Leipzig, 1878. 4to. 
A new manual of logarithms. 2 edition . Leipzig, 1881. 8vo. 
Langen-differenz; Leipzig — Wien. Leipzig. 4to. 
See Leipzig. 



Bruns (H): Die Figur der Erde. Berlin, 1878. 4to. 

Brussels: Academy of Sciences Observations des phenomencs peri- 
odiques. Brussels. 4to. 

: Royal Observatory. Plans et description des Instruments. 4to. 

Buckingham (G P.): The method of * * * limits. Chicago, 1879. 8vo. 

BuRNHAM(S. W.): New Double Stars. London, 1878. 8vo. 

— : Report to the Trustees * * * of Observations made on Mt. Hamil- 
ton. Chicago, 1880. 4vo. 

; A new method of illumination for position micrometers. London, 

1882. 8vo. 

: Catalogue of 81 Double Stars [new]. London. 8vo. 

: Double Star observations made 1874-8 Chicago; same 1879-80. 

Bound in 1 vol. London. 4vo. 

: The double star measures of the Bedford Catalogue. London. 8vo. 

Burton (C. E.) and Grubb (H.): On a new form of Ghost-micrometer. 
Dublin, 1880. 8vo. 

Cambridge: Annals of the Astronomical Observatory of Harvard Col- 
lege. Vol 1 (2v), 2 (2v), 3, 4, 5. 6, 7, 8, 6, 10, 11, 12, 13 (i). Cam- 
bridge, 1856-1882. 4to. 

Cambridge: Harvard College Observatory. Report of the Director for 
1864; 1877-78-79; 1880-81-82-88, Cambridge. 8vo. 
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Cambridqe (Eng.): Observatory. Astronomical Observations, Vols. 2, 

3, 4, 5. Cambridge, 1829. 
Canada; Reports on the Meteorological, Magnetic and other Observatories 

• 

of Canada. [Blue-book.] Ottawa, 1875. 8vo. 

Cape of Good Hope: Royal Observatory Astronomical Observations in 
the year 1834. Cape of Good Hope, 1840. 4to. 

: Royal Observatory. Results of Astronomical Observations xxx in 

the years 1856-7-9. 1871-3 (Iv) 1874-5-6. Cape Town, 1871- 
1876. 8vo. 

: Royal Observatory. Catalogue of 87 Circumpolar Stars. Cape 

Town, 1882. 8vo. 

Carl (P.): Die Principle n der astronomischen Instrumenten Kunde. 
Leipzig, 1863. 8vo. 

: Repertorium der Cometen-Astronomie. Munich, 1864. 8vo. 

Carlos (E. S.): See Galileo. 

Carringeon (R. C): Catalogue of 3735 Circumpolar Stars. London, 1857. 
Folio. 

Carruthers{G. T.): The Earth supported by Vapour. Nagpur, 1876. 8vo. 

: Are the Planets resisted projectiles ? Nagpur, (1878.) 8vo. 

: New Solar Elements . Nagpur, 1879. 8vo. 

Casella(L.): Illustrated Catalogue * * * of Instruments. London. 8vo. 

Caswell (A..): Meteorological Observations, Providence, R. L Washing- 
ton 4to. 

Catalogues: and price-lists of astronomical instruments. [A very 
complete collection is available, the separate numbers of 
which are, however, are not catalogu'ad separately. A valua- 
ble series of photographs of instruments supplements the col- 
lection.] 

CAUCHy (A L.): Legons de Calcul Differentiel et de Calcul Integral 
Vols. I-II par r Abbe MoiGNo. Paris, 1840. 8vo. 

Ch ACORN AC (J.); La Constitution physique du Soleil. Paris. No date. 8vo. 

: See Paris. 

Chamberlain (T. C): Geology of Wisconsin. Survey of 1873-79 . Vols. 
1, 2, 3, 4, and Atlas. MadisDU. 8vo. 

Chambers (G. F): A hand book of Descriptive Astronomy. Third edition. 
Oxford, 1877. 8vo. 

: See Smith (W. H.). 

Chappelsmith (J.): Tornado in Indiana. Washington. 4to. 

Chapultepec: Annario del Observatorio Astronomico, 1882-3-4 Mexico. 
12mo. 

Chauvenet (W.): a Manual of Spherical and Practical Astronomy. Vols. 
I-II. Philadelphia. 1863. 8vo. 

: New method of correcting Lunar Distances, etc. Washington, 

1864. 8vo. 

: Astronomy. Navy Scientific Papers, No. 1. Washington, 1868. 8vo. 

Cheynb (C. H. H.): The Earth's Motion of Rotation. London, 1867. 8vo. 
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Chicago: Public Library. Finding lists. Chicago, 1881. &vo. 

'—\ Astronomical Society. Annual Report, together with the Report 

of the Director of the Dearborn Observatory. 1877-1880-1882- 
1883. 8vo. 

Christiania: Observatory. Meteorologische Beobachtungen. Vol. I 
(1837-63), pp. 489-710. Also III and IV Lieferung (1848-55), 
pp. 281-488. Christiania, 1864-5. 4to. 

: Norsk meteorologisk-Aarborg for 1867, '68, '69, '72, '73. Chris- 
tiania. 4to. 

: Observatory. lagttagelser, 1864, '65, '66, '67. Christiania. 4to. 

Cincinnati: Observatory. Annual Report 1870. 8vo. 

: Observatory. Publications^ Nos. 1-4 (1vol.), 5. No. 7. Cincin- 
nati, 1876,^1883. 8vo. 

Clarke (A. R): Comparisons of the standards of Length of England, 
France, Belgium, Prussia, Russia, India and Australia, made 
at the Ordnance Survey office, etc. Vol. I. London, 1866. 4to. 

: Geodesy. Oxford, 1880. 8vo. 

Cleaveland (P.); Meteorological Observations, Brunswick, Me., 1807- 
1859. Washington. 4to. 

Cleveland: International institute for preserving and perfecting weights 
and measures. [Collection of its circulars.] 8vo. 

Coffin (J. H.) Orbit of a Meteoric Fire Ball, 1860. Washington. 1869. 
4to. 

[Coffin (J. H, C.) ]: Suggestions for observing the total eclipse of the 
sun on August 7, 1869. Washington, 1869. 8vo. 

: Navigation and Nautical Astronomy. 5th edition. New York, 

1870. 8vo. 

Colbert (E): Mathematical tables to four places and a fraction. Chicago. 
(No date). 32mo. 

CoLViN (S). Report on a Topographical Survey of the Adirondack Wil- 
derness of New York. Albany, 1873. 8vo. 

COMSTOCK (G. C): Selected Pairs of Latitude Stars for Washburn Observ- 
atory, 1875.0. Ms. 

CONNOISSANCE DES Tems: Ou des mouvemens celestes, etc., pour 1816-7- 
8-9, 1820-1, 1858-9, 1860-1-2-3, 1875-6-7-8-9, 1880-1-4. Paris. 
8vo. 

Cooper (E. G.): Catalogue of stars near the ecliptic. Vols. 1, 2, 3, 4. 
DubUn, 1851-56. 8vo. 

CoPELAND (R) and Boergen (C): Mittlere Oerter der in den zonen— 0" 
— l** der DM. enthaltenen Sterne. Gottingen, 1869. 4to. 

Copernicus: Vols. 1-2-3. Dublin, 1881-3. 4to. 

Cordoba; Meteorological Office. Annual Report, 1874 Buenos Aires, 
1875. 8vo. 

: Meteorological Office. Anales, vol 1. Buenos Aires, 1878. 4to. 

: Observatory. Annual Report, 1814^, Buenos Aires, 1875. 12mo. 

Coubie(W.): Theorigin of the Sun's Heat. Troy, 1875. 8vo. 
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CovARRXJBiAS (F. D.): Nuevos MetodcMS astronomicos para deter minar la 
Hora, el Azimut, la Latitud j la Longitud. Mexico, 1867. 8vo. 

: Tratado de Topografia y Geodesia. I (Topografia). II (Geodesia 

y Astronomia). Mexico, 1866. 8vo. 

: Elementos de Analisis trascendente, etc. Mexico, 1864. 8vo. 

: Nouvelle methode pour determiner la latitud& Yokohama, 1874. 

8vo. 

Crelle (A. L.): Rechentafeln, 3d edition by C. Bremiker. Berlin, 1869. 
4ta 

: Memoire sur la theorie des puissances, des fonctions angu- 

laires et des facultes analytiques. In Astronomical Pamphlets, 
vol. II. 

Crossley(E.); Gledhill (J.); Wilson (J. M): A Handbook of Double 
Stars. 1 vol., also Corrections, notes to above; 1 vol. London^ 
1879-1880. 8vo. 

CULLEY (R. S.): A Handbook of Practical Telegraphy. London, 1878. 9vo. 

Daquin (P. A.): Traite de Physique. Vols. l-2-a-4, 4th edition. Paris, 
1878-9. 8vo. 

Dantzig: Naturforschende Gesellschaft. Schriften, Neue folge. Band V, 
Heft 4. Danzig, 1883. 8vo. 

D'Arrest (H. L.): Siderum nebulosorum observationes Havnienses. Copen- 
hagen, 1867. 4to. 

Darwin (G. H.): On the influence of Geological changes on the Earth's 
Axis of Rotation. London, 1876. 4to. 

: Abstract of Sams, London, 1876. 8vo. 

: On an over-sight in the Mecanique Celeste and on the internal 

densities of the planets. London, 1876. 8vo. 

: On the bodily tides of viscous and semi-elastic spheroids, etc. 

London, 1879. 4to. 

[Davidson (G.)]: Field-catalogue of 983 transit stars for 1870.0. Wash- 
ington, 1874. 8vo. 

: Mechanical defects in Micrometers. San Francisco, 1877. 8vo. 

: New Break-Circuit Chronometer. San Francisco, 1877. 8vo. 

: Astronomical Notes (with addenda.) San Francisco, 1884. 8vo. 

Davis (C. H.): Law of Deposit of the Flood-Tide. Washington, 1851. 4to. 

: See Gauss. 

[Davis (C. H.)J: The companions of Proc^/on. Boston, 1876. 8va 

Davis (C. H., Jr.): Chronometer Rates as affected by temperature. Wash- 
ington, 1877. 8vo. 

De Forest (E. L.): Interpolation and adjustment of series. New Haven, 
1876. 8vo. 

Delambre (G. B.): Histoire de Tastronomie ancienne (I, II) 1817; 

du moyen age, 1819; 

moderne, (I, II), 1821; 

au XVIII Siecle, 1827; Paris, 1817-27. 4to. 
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De la Rue (W.); Stewart (B.) and Loewy (B.): Researches in Solar Physics, 

1st series: Nature of Sun-spots. (1865.) 

2d series: Areas of Sun-spots obserted by Carringtow* 

1854-60. 1866. London. 4to. 
Db Morgan *( a.): Barlow's Tables of Squarci, Cubes, etc. Lond^^ 

1875. 8vo. 
Denza (F.): Sulla connessione tra le eccllBfl di Sole ed il MagneHnma 

Terrestre. Rome, 1873. 4to. 

: See Schiaparelli. 

Detroit: U. S. Lake Survey. Report for 1^60, 1872-3-4-5-6-7-^^ Detroit 

and Washington, 1860-187^. 6vo. 
DiEN (C): Atlas celeste par C. FlahmaHion. Paris, 1877. l^dio. 
DOELLEN (W.): Die Zeitbestimmun|^ vermittelst des trag^ren Durch- 

gangs-instruments im Terticale des PolarstMKs. St Peters- 

burg, 1868. 4to. 

: See Abbe. 

Dolbear: Researches in Teltj^ony. Boston, 1878* ^o. 

[DoNATi (G. B.)]: See PiTT»* 

DooLiTTLE (C. L.): Deterxirfliation of the latitude Md longitude of Wil]U#^ 

bftfre and Potisville, Penn. Harrisburg, 1884. 8yo. 
Dorpat: Observatory* Beobachtungen. VoL XVL Dorpat, 1866* 4to. 
Downing (A* M. W.): K. P. D. of the Cape Catalogue for 1880, etc* Lon- 
don, 188t 8va 
': Discussion! of the observations Of y Draconis made irith the 

Reflex-Zenith Tube. 1857-lt9f78. London. 8va 
DtJ6lAGO (D.): [Theory of Diana] in BWsian. St. Petersburf^ 1880. 4to, 
1>VK Echt: Observatory. Publication$* Vol. I (1876) II (18^7), also cir(yu^ 

tars, Aberdeen. 4to. 
thiNfiR (N* C): Mesuresmicromettlquesd'etoiles doubletr Lund, 1876/ 4to. 
DUNSINK5 Astronomical ObserVftilons and Researches fnade at Dnilfiink, 

the Observatory of Trinity College, Dublin. Part I (1870), II 

(1873), III (1879), IV (1882). DubUn. 4«0* 
Dsifl(DEN: K. Leopoldino-CfffOlinische Deutsche Akademie. Leopoldina 

Heft 18; 1882. Halle, 1882. 4to. 
Eastman (J. R): The West India Cyclone of October d^ and 30, 1867. 

Washington, 1868. 8vo. 

: November Meteors of 1868. Washington. 8ro. 

: Tables of the Instrumental Constants, etc#, for the reduction of 

Transit Observations, etc. (Wash. Ast* Obs. for 1872.) Wash- 
ington, 1873. 4to. 
: [Circular letter in relation to] Opposition of Mars, 1877. Wash- 
ington, 1876. 8vo. 
: Difference of Longitude; Washington — Sayre Observatory. 

Washington, 1878. 4to. 
: Solar Parallax from meridian observations of Mars, 1877. Wasl^- 

ington, 1881, 4to. 
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Eastman (J. R): Difference of Longitude: Washington — Detroit; Wash- 
ington — Carlin; and Washington — Austin; Washington — 
Ogden. Washington. 4to. 

and Pritchett (H. S.)*. Longitude cf Morrison Observatory 

Washington, 1881. 4to. 

Eddy (H. T.): Radiant Heat an exception to the second law of Thermody- 
namics. Philadelphia, 1882. 8vo. 
An extension of the theorem of the Virial. Cincinnati, 1883. 8vo. 
Developments in the Eanetic Theory. Cincinnati, 1883. 8vo. 
Liquefaction, etc., and the Kinetic Theory. Philadelphia, 1883. 
8vo. 

Edinburg: Royal Observatory. Astronomical Observations, Vol. XIV. 
(1870-77.) Edinburg, 1877. 4to. 

: Royal Society. Transactions. VoL 30, part 1. Edinburg, 1880. 

4to. 

: Royal Society. Proceedings, 1878-9; 1879-80; 1881. Edinburg. 8vo. 

Effemeridi Astronomiche: di Milano, per Tanno, 1868-69-70 (I, n)-71. 
Milan. 8vo. 

Elkin (W. L.): Ueber die Parallaxe von or Ce?ifawri. Carlsruhe, 1880. 4to. 

Ellery (R. J. L.): Apparent places of Comet B, 1881. London. 8vo. 

Ellet (C. H.): Physical Geography of U. S. Washington. 4to. 

Encke (J. F.): Betrachtungen ueber die Anordnung des Sternsystems. 
Berlin, 1844. 8vo. 
Ueber die Hansen'sche Form der Stoerungen. Berlin, 1856. 4to. 
Astronomische AbbandluDgen. Vols. 1, 2, 3. Berlin, 1866. 8vo. 
On a new method of computing the perturbations of Planets 
Translated by G. B. Airy, with notes. 8vo. 

[Encke] : Life of. See Bruhns. 

Encke (J. F.): See Olbers. 

Encyclopjedia of Astronomy: Comprising Plane Astronomy, by Peter 
Barlow; Nautical Astronomy, by Captain Kater; Physical 
Astronomy, by Sir J. Herschel; Figure of the Earth, by G. B. 
Airy; Tides and Waves, byG. B. Airy. London, 1848. 4to. 

Encyclopedia Britannica: Vols. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,11, 12, 13, 14, 
15, 16. Ninth edition. New York, 1878-1883. 4to. 

Engelmann (R.): Populare Astronomic, von Sm. Newcomb. Leipzig, 

1881. 8vo. 

: Messungen von Doppelstemen. Leipzig, 1882. 4to.. 

: See Bessel. 

Engler (E. a.): Time-Keeping in Paris. St Louis, 1882. 8vo. 

: Time-Keeping in London. New York, 1883. 8vo. 

Engstrom (F.): Bestamning af Banan for Komet, 1847, IL Lund, 1881. 

4to. 
Europe: Association Geodesique Internationale. Comptes Rendus, 1880, 

1882. Berlin, 1881, 1883. 4to. 

Everett (J. e5.): Units and Physical Constants. London, 1879. 12mo. 
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Fedorenko (I/,: Etoiles circumpolaires dont les observations ont ete pub- 

liees par Lalande. St Petersburg, 1854. 4to. 
Fergola(E.): Determinazione della latitudine del R. Osser. di Capodi- 

monte. Naples, 1873. 4to. 
: Sulla posizione deir asse di rotazione della Terra, etc. Naples, 

1874. 4to. 
Ferrel (W.): The Motions of Fluids and Solids relative to the Earth's 

Surface. New York, 1860, 8vo. 

: Converging series [for the value of n], Washington, 1870. 4to^ 

: Tidal Researches, Washington, 1874. 4to. 

: Tides in New York Harbor. Washington, 1875. 4to. 

FiNLAY (W. H.): Determination of Longitude on the East coast of Africa. 

London, 1883. 8vo . 
Fischer (A): Der Einfluss der Lateral refraction avf das Messen von Hor- 

izontwinkeln. Berlin, 1882. 4to. 
Flammarion (C): Catalogue des Etoiles Doubles et Multiples. Paris^ 

1878. 8vo. 
Florence: Arcetri Observatory. Memorie. VoL I, No. 1. Florence, 

1873. 4to. 

Foerster (W.): Sammlung von Htilfstafeln der Berliner Stemwarte. 
Berlin 1869. 4to. 

Fourier (J. B. J.): Eloge Historique de Sir W. Herschel. Paris, 1824. 4to. 

FONTENELLE (B.): Entretiens sur la pluralite des Mondes. Nouvelle edition 
avec des remarques * * * de M. Bode. Berlin, 1783. 12mo. 

Force (P.): Auroral Phenomena in North Latitudes. Washington. 4to. 

FONVIELLE (W.): L'Astronomie Modeme. Paris, 1869. 16mo. 

[Fraunhofer] (J.): Life of; see Jolly. 

Frischauf (J.): Bahnbestimmung des Planeten u48ia. Vienna, 1866. 8va 

Frodsham(C.): History of the Marine Chronometer. London, 1871. 16mo. 

Fuss (V.): Ueber die Astronomische Strahlenbrechung in der Nahe des 
Horizontes. St. Petersburg, 1872. 4to. 

: and Nyr^n (M.): Bestimmung der Langen-differenz zwischen 

Stockholm und Helsingfors. St. Petersburg, 1871. 4to. 

Galileo (G.): The Sidereal Messenger. Translated by E. S. Carlos. Ox- 
ford, 1880. 8vo. 

[Galileo] : Life of. See Brewster. 

Gall (J.): Handbook of Astronomy [to accompany] Wall-Maps. Four 
parts. Edinburg. 16mo. 

Galle (J. G.): Grundzuge der Schlesischen Klimatologie. Breslau, 1857. 
4to. 

: Ueber die Verbesserung der Planetenelemente, etc. ; neue Bestim- 
mung der PaHas-BahiL Breslau, 1858. 4to. 

: Ueber die Bahn des in 1868, beobachteten Meteors. Breslau, 1868. 

8vo. 

: Ueber die Bahn des in 1873, beobachteten hellen Meteors. Breslau, 

1874. 8vo. 
2— Ap. 
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Oalle (J. G.): Bestimmung der Sonnen-Parallaxe aus Beobachtungen 

der Flora in 187a Breslau, 1875. 8vo. 
: Ueber eine neue Bestimmungder Polhohe der Stemwarte in Bres- 
lau. 4to. 

: See Zach. 

Garrod (A. E.): The Nebulae; a prize essay. London, 1882. 8vo. 
Gasparis (A. de): Table pourresoudre V equation M =- E — e' sin E. 8vo. 

: Table pour resoudre V equation m sin ^ z — » sin (z — q.) 8vo. 

Gauss (C. F.): Theoria motus corporum coelestium. Hamburg, 1809. 4to. 

: Dioptrische Untersuchungen. Gottingen, 1841. 4to. 

: Theory of the motion of the Heavenly Bodies. Translated by C. 

H. Davis. Boston, 1857. 4to. 

: and Bessbl (F. W.): Brief weschsel. Leipzig, 1880. 8vo. 

: and Schumacher (H. C): Brief wechsel Vols. 1, 3, 3, 4 (5^ 6.) 

Altona, 1860. 8vo. 
Oauss (F. G.): FtinfsteUige * * * logarithmische und trigonometrische 

Tafeln. 14 edition. Halle, 1881. 8vo; 
CrAUSSiN (L.): Lois concemant la distribution des astres du systeme solaire. 

Paris, 1880. 4to. 
Oeneva: Observatory. R^glement relatif an Depot des Chronometres. 

Geneva, 1879. 8vo. 
Georgetown: Annals of the Astronomical Observatory of Georgetown 

College, D. C. No. 1 [all published]. New York, 1852. 4to. 
Geisen (A.): Gestalt eines um einen Centralkoerper rotirenden homoge- 

nen Fltissigkeitsringes. 8vo. 
: Ueber zw«i Methoden zur Aufloesung numerischen Gleichun- 

gen. 8vo. 
Probleme der Hydromechanik. 8vo. 
Mathematische Darstellung der Fltissigkeitswellen. 8vo. 
Oscillationen einer homogenen Fltissigkeitsmasse, etc. 8vo. 



Gilbert (G. K.): Newmetaod of measuring Heights by the Barometer 
Washington, 1882. 8vo. 

Gill (D.): The opposition of Ariadne (for) determining the Solar Parallax. 
London, 1877. 8vo. 

: Same; Melpomene, London, 1877. 8vo. 

; The proposed expedition to observe the opposition of Mars (1877). 

London, 1877. 8vo. 

: Programme for observations of Victoria and Sappho, Ms. Cape- 
town, 1881. 4to. 

: Preliminary account of a telegraphic determination of the longi- 
tude of the C. G. Hope Observatory. London, 1883. 8vo. 

GiLLiss (J. M.); Astronomical Observations made at the Naval Observa- 
tory, Washington. Washington, 1846. 8vo. 

: The U. S. Naval Astronomical Expedition to the Southern 

Hemisphere during the years 1849-60-51-52. Vol. 1-2-3-6. 
[All printed.] Washington, 1855-1856. 4to. 
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OiLUSS, (J. M.): Total Eclipse of the Sun of Sept. 7, 1858. Wajshington, 

1859. 4to. 
: Total Solar Eclipse of 1860. Washington. 8vo. 

I 

: A Catalogue of 1968 Stars, edited by W. Habkness. Washington, 

1870. 4to. 
Glasenapp (S.): Ueber die Erscheinung des Encke 'schen Cometen, 1871. 

St. Petersburg, 1871. 8vo. 

: fi PerseL [Russian.] St. Petersburg, 1880. 8vo. 

Glasgow: Philosophical Society. Proceedings 1879-80, 1880-81, 1881-2, 

1882-3. Glasgow. 8vo. 
Glazebrook (R. T.): Physical Optics. New York, 1883. 8vo. 
Gledhill (J.): See Crossley. 
Godfrey (H. ) : An Elementary Treatise on the Lunar Theory . Cambridge, 

1853. 8vo. 
God WARD (W.): Tables for computmg an approximate ephemeris of a 

minor planet. London* 1866? 4to. 
Gould (B. A.): Report on the Discovery of Neptune, Washington, 1850, 

8vo. 
: Reply to the Statement of the Trustees of the Dudley Observatory. 

Albany, 1859. 8vo. 
: Reduction of D'Agelbt's observations of Fixied Stars. Washing- 
ton, 186a 4to. 
: Standard Place& of Circumpolar and Time Stars. 2d edition. 

Washington, 1896. 4to. 
Address in Commemoration of A. D. Bache. Salem, 1868. 8vo. 
Address as President of the A. A. A. S. Salem, 1869, 8vo. 
The Transatlantic Longitude (1866). Washington, 1869. 4to. 
Uranometria Argentina. Text only. Buencs Aires, 1879. 4to. 
Sobre el Coraeta de 1880. Buenos Aires, 1880. 8vo. 



Graham (J. D.): See Bond (W. C). 

Grant (R.): History of Physical Astronomy. London, 1852. 8vo. 

Grassi (G.): See James. 

Greene (B. F.): The Marine Compass. Washington, 1871. 8vo. 

: Finding the Error of the Marine Compass. Washington, 1875. 8vo. 

Greene (D): Description of a Paper Dome. New Haven, 1879. 8vo. 

Greenwich: Royal Observatory. . Reduction of the Observations of the 
Moon * * * from 1831 to 1851 . London, 1859. 4to. 

: Royal Observatory. Reduction of 20 years' records of the barom- 
eter and thermometers, and 27 years' observations of the earth 
thermometers. London, 1878. 4to. 

: Royal Observatory. Observations of Meteors, 1871. London. 4to. 

: Royal Observatory. Reduction of Planetary observations, 1831- 

35. Section II. In Astronomical Pamphlets^ vol. 3. 

: Royal Observatory. Description of the Greenwich Time-Signal 

System — 1879. London. 4to. 
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Greenwich: Observatory. Index to the records of occasional observa- 
tions and calculations made at the Royal Observatory, Green- 
wich, and to other miscellaneous Papers connected with that 
Institution, not comprehended in the ordinary routine of the 
Observatory, but printed in the Annual volumes of the Green- 
wich Observations from January, 1836, to December, 1875, with 
a list of other publications of the Royal Observatory. [By 
G. B. Airy.] Printed in Monthly Notices R. A. S., voL 39, 
p. 504. (1879.) 8vo. 

: Royal Observatory. Observations of Comet a 1883. London, 

1883. 8vo. 

: Royal Observatory. Observations of occultations — of Jupiter's 

satellites — of the Eclipse of the Sun, 1883, May 16 — of Comet 
a, 1883. London, 1883. 8vo. 

: Royal Observatory. Introduction [to the Annual Volumes for] 

1877,79,80,81. London. 4to. 

: Royal Observatory. Results of Astronomical observations for the 

years 1877, 79, 80, 81. London. 4to. 

: Royal Observatory. Reports of the Astronomer Royal for 1868, 

70, 71 , 72, 73, 75, 76, 82, 83. London. 4to. 

Grubb(H.) Ona * * * Meteor. Dublin, 1869, 8vo. 

The great Melbourne Telescope. Dublin, 1869. 8vo. 
On clocks for Equatorials. Dublin, 1873. 8vo. 
On Babbage's system of mechanical notation, applied to autom- 
atic machinery. Dublin, 1877. 8vo. 

: A new form of electrical contact maker for astronomical clocks. 

Dublin, 1878. 8vo. 

: Improvements in the Stereoscope. Dublin, 1879. 8vo. 

: On the new equatorial * * * and on the new observatory of 

the Queen's College, Cork. Dublin, 1879. 8vo. 

: Description of the great 27-inch Telescope and Dome for Vienna, 

London, 1881. folio. 

GuENTHER (F. G.): De Perturbationibus quas Saturnus perintegramrevo- 
lutionem in Palladem exercet. 1860. 4to. 

GuLDBERG (C. M.) and Mohn (H.): fetudes Bur les Mouvements de V At- 
mosphere. Part I. Christiania, 1876. 4to. 

GUMMERE (J.): An elementary treatise on Astronomy. Revised by E. O, 
Kendall. Philadelphia, 1857. 8vo. 

GuNDLACH (E.): New Quadruple Objective for Astronomical Telescopes. 
Salem, 1878. 8vo. 

GuYOT (A.): Tables, meteorological and physical, prepared for the Smith- 
sonian Institution. 3d edition. Washington, 1859. 8vo. 

Gylden (H . ) : Ueber die Constitution der Atmosphera Part II (only) . St . 
Petersburg, 1868. 4to. 

: Recherches sur la rotation de la Terre. Upsala 1871. 4to. 
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GYLDfiN (H.): Studien auf demGebiete der Storungstheorie. I. St. Peters- 
burg, 1871. 4to. 

: Die Grundlehren der Astronomie. Leipzig, 1877. 8vo. 

: On the relations between the number, brightness and relative 

mean distances of the stars. Translated by E. S. Holden and 
E. Bergland. Troy, 1878. 8vo. 

Haanel (E.): Galvanometric method for the determination of the earth's 
Magnetism. Breslau, 1873. 8vo. 

Haqen (J.): On the Inclination of the Apparent to the True Horizon. 
Philadelphia, 1882. 8vo. 

: Ueber die Stabilitat des Gleichgewichtes, einer auf einem 

Ellipsoid * * * ausgebreiteten Flussigkeit * * * . 8vo. 

: Reversion of Series. 1883. 8vo. 

: Ueber die Verwendung des Pendels zur graphischen Darstellung 

der Stimmgabel Curven. 8vo. 

Hall (A.): Catalogue of 151 Stars in Prcesepe, Washington, 1867. 4to. 

: Observations and Orbits of the Satellites of Mars, Washing- 
ton, 1878. 4to. 

: Observations of Double-Stars. Washington, 1881. 4to. 

: The Parallax of a Lyrce and 61 Cygni. Washington, 1882. 4to. 

Hall (A.) and Harkness (W.): Observations of Encke's Comet, 1871 
Washington, 1872. 4to. 

Hansen (P. A.): Tables de la Lune, etc. London, 1857. 4to. 

: Tables de la Lune. Errata in the above. London, 1862. 8vo. 

: Ableitung des Ausgleichungsverfahrens eines Dreiecknetzes, etc. 

8vo. 

: Bestimmung des Schwerpunckts eines sphaerischen Dreiecks. 8vo. 

: Auseinandersetzung einer zweckmassigen Methode zur Berech- 

nung der absoluten Storungen der Kleinen Planeten. Erste 
Abhandlung; Zweite Abhandlung; Dritte Abhandlung, bound 
in one volume . Leipzig. 8vo. 

Hansteen (C): Magnetischer Atlas. Christiana, 1819. Folio. 

Harder (G.): Matter in Space. [?] 8vo. 

Harkness (W.): Difference of longitude; Washington — Havana. Wash- 
ington, 1870. 4to. 

: Difference of longitude; Washington — St. Louis. Washington, 

1872. 4to. 

: Theory of the Horizontal Photoheliograph I. 1877. II. Supple- 
mentary note, 1877. Boston, 1877. 8vo. 

: On the Color Correction of telescopea New Haven, 1880. 8vo. 

: The relative accuracy of different methods of determining the 

solar parallax. New Haven, 1881, 8vo. 
Magnetic Observations on the Monadnock. Washington. 4to. 
See GiLLiss. 
See Hall (A). 



Harrington (M. W.): A Brief Study of Vesta. New Haven, 1883. 8vo. 
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[HASBiNaTON (P. F.)]: Notes on Navigation and the determination of mer- 
idian distances for tbe use of Naval Cadets at the TJ. S. Naval 
Academy. Washington, 1882. 8va 

Habrison (H.): Hand-book describing objects in the *' Telescopic Pictures 
of the Moon." New York, 1880. 8vo. 

Habtwiq (K): Physische Libratlon des Mondes. Carlsruhe, 1881. 4to. 

Hasselbebq (B.): Bearbeitung der Photographischen Aufnahmen in 
Haf en Possiet [Transit of Venus, 1874]. St Petersburg, 1877. 4to. 

: Studien auf dem Gebiete der Absorbtionsspectralanalyse. St. 

Petersburg, 187a 4to. 

: Ueber das 2e . Spectrum des Wasserstoff s. St Petersburg, 1882. 4to. 

Hastinos (C. S.): See Holden. 

Hates (LL): Physical Observations in the Arctic Seas. Washington. 4to. 

Hsis(K): Atlas Coelestis novus. 1 vol. text and atUs. Cologne, 1872. 16mo. 
Helmholtz (H.): Optique physiologique, translated by K JAVALand N. T. 

EIlbin. 1 vol. and atlas. Paris, 1867. 8vo. 
: Popular Lectures on Scientific subjects. Translated by E. At- 
kinson. New York, 187a 8vo. 
Hbndebson (T.): See Lacaillb. 
[Henbt (J.)] : Memorial [of] . Washington, 1881. 8vo. 

: Reports [as Secretary of the Smithsonian Institution], 1866-1877. 

Washington. 8vo. 
Herschel (J.): Micrometrlcal Observations of 364 Double Stars (1832). 
Investigation of the Orbits of Double Stars (1881). Elliptic 
OrMt of ^ Bootis (1833). Observations of Nebul® and austers^ 
1825-1883. (1833). Bound in one vbL London. 4to. 

: [General] Catak)gue of Nebal» and Clusters of Stars. London. 

1864. 4jto. 
PhyncalG^graphy of the globe. 5th edition. Edinburgh 1875. 8vo. 
On Light (From Ency. MetropoL) 4to. 
See Encyclopeedia of Astronomy. 



[Herschel (W.)]: Life of. fifee Fouriee. 5ec Holden. 

Hevelius (J.): Selenographia. 1647. Folio. 

HiLDBETH (S. P.) and Wood (J.): Meteorological Observations. Dforietta^ 
Ohio. Washington. 4to. 

HiLFiKEB(J.): Die Astronomischen Langenbestimmungen. Aarau, 1882. 8vo. 

HiLGARD (J. K): Description of two forms of portable apparatus for the 
determination of personal equation. Washington, (1874. ) 4to. 

: Determination of Transatlantic Longitudes. S^dem. 8va 

HlLL(G. W.): Tables of Venus. Washington, 1872. 4to. 

: On the part of the Motion of the Lunar Perigee, which is a func- 
tion of the Mean Motions of the Sun and Moon. Cambridge,. 
1877. 4to. 

: On Gauss' method of computing secular perturbations. Washing- 

toD, 1881. 4to. 
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Hill (G. "W.): Development of the perturbative function. 8vo. 

: Discussion of the Observations of the Great Comet of 1868, with 

the object of determining the most probable orbit, in AstrO' 
nomicdl Pamphlets, Vol. 3. 

Hill (T.): Map of the Solar Eclipse of March 15, 1858. Washington, 1858. 
8vo. 

HiNKLET (E.) Tables of the prime numbers, etc., from 1 to 100,000. Balti- 
more, 1853. 8va 

HiNRiCHS (G.): Introduction to » * * Planetology. New Haven, 1864. 8 vo. 

: On the Spectra and composition of the elements. New Haven, 

1866. 8vo. 

HmscH (A): See Plantamour. 

HmscH (Meier): Integraltafeln. Berlin, 1810. 4 to. 

HoEK (M.): Sur les prismes Achromatiques construits avec une seule 
substance. Amsterdam, 1867. 8vo. 

: Determination de la Vitesse avec laquelle est entr&in6 un rayon 

lumineux traversant un milieu en mouvement. Amsterdam, 
1869. 8vo. 

HoHWU (A.): An auxiliary compensation for marine chronometers. 8va 

HOLDEN (E. S.): Drawing of the Ring-Nebula in Lyra, London, 1875. 8vo. 

: On supposed changes in the Nebula. M. 17. New Haven, 1876. 8vo 

: Index Catalogue of Books and Memoirs relating to Nebulae 

and Clusters. Washington, 1877. 8vo. 

: On the proper motion of the Trifid Nebula. M. 20. New Haven, 

1877. 8vo. 

: Index-Catalogue of Books and Memoirs on the Transits of Mercury. 

Cambridge, 1878. 8vo. 

: On the reticulated forms of the Sun's surface. New Haven, 1878. 8vo. 

: A subject-index to the Publications of the U. S. Naval Observa- 
tory, 1845-1875. Washington, 1879. 4to. 

: On some of the consequences of the hypothesis, recently pro- 
posed, that the intrinsic brilliancy of the fixed stars is the 
same for each star. New York, 1879. 8vo. 

; On a relation between the Colors and Magnitudes of the Com- 
ponents of Binary Stars. New Haven, 1880. 8va 

: Investigation of the objective and micrometers of the 26-inch 

Equatorial Washington, 1881. 4to. 

: Observations of Comet B, 1881. New Haven, 1881. 8vo. 

: Observations on the light of Telescopes used as Night-glasses. 

New Haven, 1881. 8vo. 
Sir W. Herschel; His Life and Works. New York, 1881. 8vo. 
The Multiple Star i^ 748. Washington, 1881. 4to. 
Inclination of the Ring of Saturn to its orbit deduced from Wash- 
ington observations. London, 1882. 8vo. 
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HoLDEN (E. S.): Monograph of the Central Parts of the Nebula of Orion. 
Washington, 1882. 4to. 

: Observations of the Transit of Venus, 1883. New Haven, 1883. 8vo. 

: Account of the Progress of Astronomy for 1879-80, 1881, 1882, 

1883. (From Smithsonian Reports.) Washington. 8vo. 

: See Gyld^n. 

: See Newcomb. 

HoLDEN (E. S.) and Hastings (C. S.): A synopsis of the Scientific Writ- 
ings of Si? W. Herschel. Washington, 1881. 8vo. 

Holm AN (S. W.): Hypsometric Measurements of points about Williams- 
town, Mass. Boston, 1882. 8vo. 

HoRNSTEiN (K.): Ueber die Bahn des Hind 'schen Cometen, 1847. Vienna, 
1870, 8vo. 

: Bestimmung der Bahn des Comet I. 1847. Vienna. 8vo. 

Hough (G. W.) Description of a new Charting Machina Albany, 1863. 8vo. 

: Remarks on the Galvanic Battery. Albany, 1869. 8vo. 

: Velocity of the Electric Current over Telegraph Wira Albany, 

1869. 8vo. 

: Refraction tables. Albany, 1872. 8vo. 

: See Chicago. 

HouzEAU (J. C.) Vade Mecum de Tastronome. Brussels, 1882. 8vo. 

HouzEAU (J. C.) and Lancaster (A.); Bibliographie generale de T Astron- 
omie. Vol. 2. Brussels, 1882. 8vo. 

Howe (H. A.): Three approximate solutions of Kepler's problem. 8vo. 

HowisON (G. H.); A Treatise on Analytic Geometry. Cincinnati, 8vo. 

HUBER (E.): Die Stoerungen der Rotationsaxe der Erde. Lucerne, 
1880. 8vo. 

HuGGiNS (W.): Preliminary Note on the Photographic Spectrum of comet 
B 1881. London, 1881. 8vo. 

HuTTON (C.) Philosophical and Mathematical Dictionary. Vols. I, IL 
London, 1815. 4to. 

Ideler(L.): Lehrbuch der Chronologie. Berlin, 1831. 8vo. 

International Bureau op Weights and Measures: Proc^s-verhauXy 
1875-76. Paris, 1876. 8vo. 

: [Official Report of the Secretary of State J Washington, 1878. 8vo. 

International Geodetic Association: Comptes Rendus, 1880, 1882. 
Berlin, 1881-3. 4to. 

International Polar Commission: Parts 1, 2, 3, 4 St Petersburg, 1883. 
4to. 

James (W.) and Grassi(G.): Dictionary of the English and Italian Lan- 
guages. Leipzig, 1877. 12mo. 

Janssen (J.) Cliche du Soleil, obtenue par la nouvelle methode de M. 
Janssen (Pose s^qj^ de second); 15 Mai, 1879. On Glass. 

Javal (E.): See Helmholtz. 

Jolly (P.): Das Leben Frauenhofer's. Munich, 1865. 8vo. 
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Jimenez (F.): Carta Celeste. 1878. Texto (only). Mexico, 1878. 8vo. 
Kaiser (F.): The Rate of the HoHwu Clock No. 17. Amsterdam. 8vo. 
KA.ISER (P. J.): Etude de la Marche de la pendule astronomique HoHWU, 

No. 20. 8vo. 
Kane (E. K): Tidal Observations in the Arctic Seas. Reduced by C. A. 

SCHOTT. Washington, 1860. 4to. 
: Astronomical Observations in the Arctic Seas. Reduced by C. A. 

SCHOTT. In Asfrojiomical Pamphlets. Vol. 1. 

: Magnetic Observations in the Arctic Seas. Washington. 4to. 

Kant (I.): Allgemeine Naturgeschichte und Theorie des Himmels. Zeiss, 

1798. 8vo. 
Kabunsei (F. M.): Hestiae, elementa nova. Cracow, 1865. 4to. 
Kater: See Encyclopedia of Astronomy. 
Kendall (E. O.): Sfee Gummere. 
[Kepler]: Life of. See Brewster. 
Kjjw: Observatory. Report 1882. London. 8vo. 
KiRCHHOPF (G.): Vorlesungen ueber Mathematische Physik (Mechanik) 

Leipzig, 1876. 8vo. 
KiRKWOOD (D.): Meteoric Astronomy. Philadelphia, 1867. 8vo. 

: On Comets and Meteors. Philadelphia, 1869. 8vo. 

: The Periodicity of the Solar spots. 1869. 8vo. 

: The Zone of Asteroids and the Ring of Saturn. Philadelphia, 

1883. 8vo. 
Klein (H. J.): Anleitung zur Darchmusterung des Himmels. Bruns- 
wick, 188a 8vo. 
Klein (N. T.): See Helmholtz. 

KuNKERFUES (W.): Theoretische Astronomie. Brunswick, 1871. 8vo. 
Knobel (E. B.): Notes on an ancient Chinese Calendar. London, 1882. 

8vo. 
KONKOLY (N.): Praktische Anleitung zur Anstellung Astronomischer 

Beobachtungen, etc. Brunswick, 2883. 8vo. 
KoRTAZZi (J.): Bestimmung der Langen-differenz zwischen Pulkowa — 

Helsingfors — Abo — Lowisa — ^Wiborg. St. Petersburg, 1871. 4to 
KOWALSKI (M.): Recherches sur la Refraction Astronomique. Kasan, 

1878. 8vo. 
Krueger (A.): Ueber die Parallaxe des Sterns LI. 21258. Helsingfors, 

1863. 4to. 

: Ueber die Bahn des Planeten Themis, Helsingfors, 1873. 4to. 

: Ueber die mittlere Temperatur zu Helsingfors. 1845-1856. Hel- 
singfors, 1874. 4to. 

: Minnestal ofver F. W. A. Arqelander. Helsingfors, 1875. 4to. 

: Sterne mit Eigenbewegungen ueber 1" jahrlich. Mittlere oerter 

1855.0. Ms. 
Kuehnert (F.): Ueber die Bahn des Planeten Hilda. Vienna, 1878. 8vo. 
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KUPKA (P. F.): Geodaetische Instrumente [at the Philadelphia Exposition 

of 1876.] Vienna, 1877. 8vo. 
Lacaille (N. L.): Catalogue of 9766 stars, reduced by F. Baily and T. 

Henderson. London, 1847. 8vo. 
Lagrange (J. L.): Traite de la Resolution des Equations numeriques. 3 

edition. Paris, 1826. 4ta 

; Mecanique Analytiqua 3 ed. par. J. Bertrand. Paris, 1853. 4to. 

Lalande (J. F.): Astronomie. 3 edition. Vols. I, II, IIL Paris, 1792. 4to. 
: Blbliographie Astronomique; avec T histoire de T astronomie, 

1781-1802. Paris, 180a 4to. 
: Catalogue of Stars in the Histoire Celeste Frangaise. Reduced 

by F. Baily. London, 1847. 8vo. 
Lamont (J.); Verzeichniss von 9412 Sternen, + 3° bis— 3°. Munich 

1866. 8vo. 
: Verzeichniss von 4793 teleecopischen Sternen, — 3° bis — 9*. Mu- 
nich, 1869. 8vo. 
: Verzeichniss von 6323 telescopischen Sternen, + 3° bis -f 9°. Mu 

nich, 1869. 8vo. 
: Verzeichniss von 3571 telescopischen Sternen, + 9** bis + 15\ 

Munich, 1871. 8vo. 
: Verzeichniss von 4093 telescopischen Sternen, — 9"" bis — 15°. 

Munich, 1872. 8va 
: Verzeichniss von 5563 telescopischen Sternen, nordlich voa 

+ 15° und sfldlich von — 15^ Munich, 1874. 8vo. 
Lampherb (G. N.): The U. S. Government Philadelphia, 1881. 8vo. 
Langley (a P.): [Engraving of] A Typical Sun Spot 1873. 8vo. 

: Effect of Sun Spots on Climates. London, 1876. 8vo. 

: A proposed new method in Spectrum Analysis. New Haven, 

1877. 8vo. 
: On the possibility of T^nsit Observation without personal error. 

New Haven, 1877. 8vo. 
: On the Janssen Solar Photograph and Optical Studies. New Ha- 
ven, 1878. 8vo. 

: Transit of Mercury , 1878. New Haven, 1878. 8ra 

: Observations on Mount Etna. New Haven, 1880. 8vo. 

: Sunlight and Skylight at high altitudes. New Haven, 1882. 8vo. 

Laplace (P. L.): Exposition du Syst6me du Monde. 6 edition. Paris > 

1885. 4to. 
L' Astronomie: Vols. 1882-3. Paris, 1882. 8vo. 
Laitssbdat (A.): La lunette horizontale. Paris. 8vo. 
Lkhm A N-FiLHfes (R) : Die Bestimmung von Meteorbahnen. Berlin, 1883. 4to. 
Leipzig Observatory : Geschichte und Beschreibung der Leipziger Stem- 

warte. C. Bruhns. Leipzig, 1861. 4to. 
Leipzig: Vierteljahrsschrift der Astronomischen Gesellschaft 1866-7-8-9, 

1870-l-2-a-4-5-6-7-&-9; 1880-1-2. Leipzig, 1866. 8vo. 
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Lemoins (& M. J.): Eseai de la M6thode de M. Littrow pour determiner 

des longitudes en mer. Paris, 1864. 8va 
Lbonhabd (E.): See Sbidel. 
Leyander (F. W.): Gteneral Index to the first 20 vola of the Astronomical 

Register, London, 1883. 8vo. 
Leveau (G.): Determination de Forbite de Her€U Paris. 8va 

: Theorie de Vesta, Paris. 4to. 

: [List of his] Travaux Astronomiques. Paris. 4ta 

Le Yerrier (U. J.): See Bertrand. 

Leyden: Annalen der Stemwarte in L^den Band I-II-IIL Harlem, 1868- 

1872.^ 4to. 
: Observatory. Catalogus Yaa de boeken aanwezig in de biblio- 

theek. [1st and 2d supplemenite only.] The Hague. 1881. 8yo.. 

: Observatory. Versiag, etc, 1866-7,1867-^. Amsterdam. 8vo. 

Leyto^: Observatory. See Barclay. 

LiAPONOFP (M.): See Struve (O.) 

IiNDEMANN (E); Ver&nderlichkeit Bother Sterna St. Petersburg, 1882. 4to. 

: Ueber den Lichtwechsel des Stems V Cygni,. Si Petersburg^ 

1884. 8vo. 
Lindsay (Lord), and Gill (D.): Note on the Results of Heliometer Obser- 
vations of Juno. London, 1877. 8vo. 
LiNDSTEDT (A.): Ueber die Bestimmung der gegenseitigen Entfemuugen 

in dem Probleme der drei Koerper. Kiel, 1883. 4ta 
Lq(S6BR(C.): Tier von Db l'isle beobachteten Plejadea-Bedeckungeu. 

St Petersbuig^ 1864. 4to. 
LiSTiKa (J. R): Neue * * * Ck>nstanten des Erdkoerpers. Gottingen^ 

187a 12ma 
Littr£ (E.) and Bbaujsan (A.): Dictionaire de la langue frangaise. Paris,. 

1881. 8vo. 

LiTTBOW (C): NouveUe Methode pour determiner en Mer Theure, etc. 

: Same, English translation; Vienna, 1868. 8va 

Littrow (J. J.): Dioptrik. Vienna, 1830. 8vo. 

Locke (J.): Observations on Terrestrial Magnetism. Washington. 4to. 

LocKYER (J. N.): Researches in Spectrum- Analysis in connection with 

the Sun. London, 1873. ita 
: Note on the Recent and Coming Total Solar Eclipses. London,. 

1882. 8vo. 

LOEW (M.): Ortsbestimmungen im Harz. Berlin, 1882. 4to. 
LoEWY (B.): See De la Rue. 

LOEWY (M.): Elements der Bahn des von Bruhns (1858) entdeckten Kom- 
eten. Vienna, 1858. 8vo. 

Ueber die Bahn des Cometen V, 1858. Vienna, 1858. 8vo. 

Ueber die Bahn der Etigenia. Vienna, 1858. 8vo. 

Ueber die Bahn des Kometen Donati. Vienna, 1859. 8vo. 
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LoEWY (M.): Nouvelle Methode pour determiner la flexion des lunettes. 

Paris, 1878. 4to. 
: Rapport [sur] les observatoires astronomiques de Province. Paris, 

1883. 8vo. 
: Ephemerides des etoiles de culmination lunaire, pour 1878, 1S79, 

1883. 3 vols. Paris. 4to. 
LoEWY (M.), and Perkier (F.): Determination telegraphique de la dif- 
ference de longitude entre Paris et Alger. Paris, 1878. 4to. 
: and Stephan (E.): Difference des longitudes entre Paris — 

MarseUle — Alger. Paris, 1878. 4to. 
: and Tresca (H. E.): Notice sur un appareil optique, propre 

a r etude de la flexion. Paris, 1882. 4to. 
LoOMis (E.): a Treatise on Meteorology. New York, 1868. 8vo. 
: Comparison of the * * * magnetic declination * * the number 

of auroras * * * and the * * * sun-spots. New Haven, 

1870. 8vo. 

: Same, New Haven, 1873. 8vo. 

: Contributions to Meteorology, derived from observations U. S. 

Signal Service, etc. Paper No. 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 

15, 16, 17, 18, 19. New Haven, 1875-1883. 8vo. 
: Mean Temperature of New Haven, from observations of 1779-1865. 

8vo. 

: Storms in Europe and America. Dec. 1836. Washington. 4to. 

London: Royal Astronomical Society. Memoirs. Vols. 19, 20, 21 (i, ii), 

22, 23, 24, 25, 26, 31, 32, 36, 41, 45. London, 1851-1880. 4to. 
: Royal Astronomical Society. Monthly Notices, Vols. 22, 23, 24, 25, 

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 41, 42, 43. Also, In- 
dex to the first 29 vols. 8vo. London, 1861-1881. 8vo. 

: Royal Society. See Melbourne. 

: Science and Art Department. Catalogue of the Loan Collection 

of Scientific Apparatus at the S. Kensington Museum, 1876. 

London, 1876. 8vo. 
LuNDSTROEM (C. E.): Maxima et minima dans un probl^me isoperimet- 

rique. Upsala, 1869. 4to. 
LuviNi (G.) II Dieteroscopio. Turin, 1874. 8vo. 
Lyons: Commisbion de Meteorologie du Rhone, 1879-1880. Lyons, 

1881, 1883. 8vo. 
: Observatory. Donnees pour I'annee meteorologique, 1879-80; 

1880-81. Lyons, 1881-2. 8vo. 

: Observatory. Pluies et Neiges de 1879-18S0. Lyons, 1882. 8vo. 

Maclear (J.): Verification and Extension of Lacaille's Arc of Meridian 

at the Cape of Good Hope. Vols. I-II. London, 1866. 4to. 
Madison: Washburn Observatory. Contributions from the Washburn 

Observatory. No. 1. Madison, 1881. 4to. 
: . Publications. Vols. 1-2. Madison. 1881-4. 8vo. 
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Madison: Washburn Observatory. Woodman Libi'ary, Catalogue of Books 

added since June, 1884 Ms. 4to. 
: . [Album, containing photographs and drawings of the 

instruments; and plans of the electric circuits.] Ms, 4to. 
: : [Album, containing cuttings from newspapers relative to 



the work of the Observatory, etc.] Ms, 4to. 

— . [Extracts from the Proceedings of the Board of Regents 



of the University of Wisconsin, relating to the Observatory]. 

Ms, 4to. 

— . [Inventory of the lostruments and Apparatus of the 



Washburn Observatory.] Ms, 4to. 

. [List of Addresses of Scientific Societies, Observatories 



and Astronomei*s who receive the Publications of the Wash- 
burn Observatory.] Ms. Folio. 

: University of Wisconsin. Annual Reports of the Board of Re- 
gents [Containing ^the Report of the Director of the Washburn 
Observatory] for 1877, '78, '79, '80, '81. Bound in one volume. 
Madison. 8vo. Same, for 1832, 1833. 

: Wisconsin Academy of Sciences. Transactions, Vols. 1, 2, 3, 4. 

Madison, 1870-7: 8vo. 

: Wisconsin Historical Society. Catalogue of the Library. Vols. 

1, 2, 3, 4. Madison, 1873-1878. 8vo. 

Madrid: Observatory. Informe del Director. Madrid, 1867. 16mo. 

— : Observatory. Anuariodel Real Observatorio de Madrid. 1868-9, 

1870-1-2-3-6. Madrid. 12mo. 

: Observatory. Observaciones meteorologicas efectuadas en el Real 

Observatorio de Madrid. (1865-66), (1866-67), (186S-69), (1869- 
70), (1870-1), (1871-2), (1872-3). Madrid. «vo. 

: Observatory. Resumen de las observaciones meteorologicas ef ect u- 

adas en el peninsula. (1865-66), (1866-67), (1868-69), (1869-70), 
(1870-1), (1871-2), (1872-3). Madrid. 8vo. 

Maedler (J. H.) Reden und Abhandlungen. Berlin, 1870. 8vo, 

Mann (W. W.): The Linn-Base Decimal System. New York, 1871 . 12mo. 

Mannheim: AstronomischeBeobachtungenauf d^r * * * Stern war te^ 
zu Mannheim. I. Abtheilung (E. Schoenpeld), 1862. II. Ab- 
theilung (E. Schoenpeld), 1875. III. Abtheilung (W. Valen- 
tiner), 1879. Manheim. 4to. 

MARiAaE(P.): LeTelem^tre deCampagne. Paris, 1875. 16mo. 

Marth (A.): Ephemeris for physical observations of Jupiter. 1881-2. 8vo. 
Same of Satellites of Mars, 1883-4 8vo. 
Same of Satellite of Neptune, 1881-2. 8vo. 
Same of Satellites of 5a^wm. 1881-2. 4to. 
Sam^e of same, 1882-3. 8vo. 
Sam>e of Satellites of Uranus, 1884. 8vo. 
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^ARTH (A.): Remarks on an apparatus for determining * ♦ * flexures. 
London, 1881. 8vo, 

: Nate on M. LoEWY's * ♦ * apparatus for the determination 

offlextnraft^ London, 1883. 8vo. 

Mason (E. P.): Observations on Nebulaa. SfeeSAiTH (H. L.) 

Mathematical Monthly: Edited by J. D. Runkle. Vols. 1, 2, 3. Cam- 
bridge, 185^1861. 8vo. 

-Mayer (A.): Lecture Notes on Physics. Parti. Philfeidelphia, 1868. 8vo. 

: Solar Eclipse of August 7, 1869. 1869. 8vo. 

: A new form of lantern galvanometer. New Haven, 1872. ftvo. 

McClintock (E.): An Essay on the Calculus of Enlargement Baltimore, 

1879. 4to. 

McClintock (Sir F. L.): Meteorological Observations in the Arctic Seas. 
Washington. 4to. 

-Meech (L. W.): Relative Intensity of the Heat and Light of the Sun upon 
Different Latitudes. Washington, 1856. 4to. 

Meier (J.): 8ee Newcomb. 

Melbourne: Observatory. Correspondence concerning the great Mel- 
bourne telescope (3 parts); printed privately, by the Royal So- 
ciety, of London. London, 1871. 8vo. 

: , First general Catalogue of 1,227 Stars. Melbourne, 

1874. 4ta 

Hemorie: Delia Societa degli Spettroscopisti ItaUani. Vos. 1, 2, 8, 4 5, 
6, 7, 8, 9, 10, 11. Palermo, 1872-1882. 4to. 

Merriman (G. B.): The Application of Photography to Astronomy. 1869. 
8vo. 

Merriman (M.): A list of writings on the method of least squares. New 
Haven, 1877. 

Meyer (G. F.): Vorlesungen ueber die Theorie der Bestimmten Integrale 
zwischen Reellen Grenzen. Leipzig, 1871. 8vo. 

.Michaelson(A.A.): Velocity of Light. Washington, 1880. 4to. 

Michie (P. S.): Elements of Wave-Motion relating to Sound and Light. 
New York, 1882. 8vo. 

Milan: R. Osservatorio di Brera. Pabhlicazioni , Nos. 1-11 (1873-6), 
bound in 1 vol. Also Nos. 12, 13, 17, 19, 20, 21, 22. Milan, 
1873. 8vo. 

Mississippi River Commission: Progress-Report 1881-1832. Washing- 
ton. 8vo. 

Mitchell (H.): Tides and Tidal Phenomena. Washington, 1868. 8vo. 

MOEBius(A. F.): Die Elemente der Mechanik des Himmels. Leipzig, 
1843. 8vo. 

M0ELLER(A.): Undersoekning af Planeten Pandora's »Roerelse. Stock- 
holm, 1870. 4to. 

: Elementer for Faye's Komet (1873). Stockholm, 1872. 8vo. 

: Om Fayeska Kometers stora st6rning ar 1841. Stockholm, 1873. 8vo. 
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MOELLER (A.): Nya elementer for Pandora, 1858-1877. Lund, 1879. 8vo. 

: Planet-och-Komet observationer. 1866; 1870; 1871; 1873. Lund. 4to, 

MOHN (H): Nogle Bemaerkninger om Tordenveirenes Dannelse. 1868. 8vo. 

Atlas des TempStes. Christiania. 1870. Folio. 

Norges Vind og Stormstatistik. 1869. 8vo. 

Om Tordenvejr i Norge; 1868. 1869. 8vo. 

Same; 1869. 1870. 8vo. 

See GULDBERG. 



MoHN (H.) and Skue (C. de): Meteorologlske Meddelelser. 1869. 870. 

MoiQNO: See Cauchy. 

MoNTSOURis: Annales du bureau des longitudes et de I'observatoire * ♦ 

de Montsouris. Tome I. Paris, 1877. 4to. 
Morrison (J.): The orbit of the great comet (b) 1882. London, 1883. 8vo. 
Morton (E. J. C): Heroes of Science — Astronomers. London, no date. 

8vo. 
Moscow: Annales de Fobservatoire de Moscou. Vols. 1, 3, 3, 4, 5, 6, (i,ii) 

7, 8, 9, (i,ii). Moicow, 1874-1833. 4to. 
Munich: Observatory, Annalen, Vol. 17 (or 33 of the complete series). 

Munich, 1869. 8vo. 
Nader (J.): The Tides. Madison, 1879. 8vo. 
Nature: Vols. 23, 24, 25, 27, 28. London, 1881-1884. 870. 
Nautical Almanac: and Astronomical Ephemeris for 1841-2-3-4-5-6-7- 

a-9; 1850-1-6; 1860-1-3-5-6-8-9; 1870-1-3-^-4-5-6-7-8-9; 1881- 

;^-3-4. London. 8vo. 
Nequs and Brother: Description and rules for using Break-Circuit 

Chronometers New York, 1874 8vo. 

: Rules for the Care of Chronometers. Annapolis, 1883. 8vo. 

Nbison: The Mooa London, 1876. 8vo. 

Neuohatel: Observatory. Competitive trial of Chronometers, 1875. Neu- 

chatel, 1876. 8vo. 
Newcomb (S.): On the Latitude and Longitude of U. S. N. Observatory. 

Washington, 1864. 4to. 
: An investigation of the orbit of Neptune, with general tables of 

its motion. Washington, 1865. 4to. 
: On the mode of observing the coming transits of Venus. New 

Haven, 1870. 8vo. 
: An investigation of the orbit of Uranus, with general tables of 

its motion. Washington, 1873. 4to. 
: The General Integrals of Planetary Motion. Washington, 1874. 

4to. 

: The Uranian and Neptunian Systems. Washington, 1875. 4to. 

: Investigation of Corrections to EUlnsen's. Tables of the Moon, 

with Tables, etc. Washington, 1876. 4to. 
: Review of Croll's "Climate and Time," etc. New Haven, 1876. 

8vo. 
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Newcomb (S.): Researches on the Motion of the Moon. Parti. Washing- 
ton, 1878. 4to. 
Tables of Eclipses. Washington, 1879. 4to. 
Transits of Mercury, 1677,-1881. Washington 1882, 4to. 
A School Algebra. New York, 1882. 12mo. 
On Hell's alleged falsification of his observations of the Transit 
of Venus, 1769. London, 188a 8to. 

: Report * * * on recent improvements in Astronomical Instru- 
ments. Washington, 1884. 8vo. 

: Catalogue of 1098 Standard Clock and Zodiacal Stars. Washing- 
ton. 4to. 

: On the Right Ascensions of the Equatorial Fundamental Stars. 

In Astronomical Pamphlets, vol 1. 

: Positions of Fundamental Stars, from [Washington observations.] 

1862-67. Washingtan. 4ta 

-; Remarks on the Instructions for observing the Transit of Venv>s 

[1882] ,formulated by the Paris Conference. London. 8vo. 

: Theorie des perturbations de la Lune qui sont dues a Taction des 

plan^tes. In Astronomical Pamphlets, vol. 2. 

: Development of the Perturbative Function, etc. Washington, 

1881 4to. 

: See Enqelmann. 

Newcomb (S.), and Holden (E.S.): On the possible periodic changes 
of the Sun's Apparent Diameter. New Haven, 1874 8vo. 

: Astronomy. New York, 1883. 12mo. 

Newcomb (S.) and Meier (J.): Transformation of Hansen's Lunar The- 
ory. Washington, 1880. 4to. 

: Formulae and tables for expressing corrections to the geocentric 

place of a planet in terms of symbolic corrections to the ele- 
ments of the earth and planet. Washington, 1883. 4to. 

Newcomb (S.) (Secretary): Papers relating to the transit of Venus in 1874, 
prepared » * » by the Commission authorized by Con- 
gress. Part I, Part IL In Astronomical Pamphlets, vol. 2. 

New Haven: Connecticut Academy of Arts and Sciences. Transactions. 
Vol. 1 (part 2), 2 (part 1), 3 (part 2). New Haven, 1867. 8vo. 

: Winchester Observatory. Report, 1881, 1S82, 1883. New 

Haven. 8vo. 

Newton (H. A.): Meteors of November 14, 1867. New Haven, 1867. 8vo. 
Shooting Stars November 14, 1867. New Haven, 1868. 8vo. 
The metric system [tables of]. Washington, 1868. 8vo. 
Meteors of November 14, 1868. New Haven, 1869. 8vo. 



Newton (I.): The Mathematical Principles of Natural Philosophy. Trans- 
lated by Andrew Motte, with additions by John Machin. 
Vols. I-III. London, 1803. 8vo. 
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I 

New York: Central Park Observatory. Annual Report for 1877. New 

York. 8vo. 
: : Abstract of Registers for 1880, 1881, 1883, 188*3. /New 

York. 4to. 

: State Survey. Report for the years 1878, '80, '81. Albany. 8vo. 

Niaudet-Breguet (A.): Machines magnefco-electriques Gramme. Paris, 

1875. 8vo. 
NiAUDET (A): Elementary Treatise on Electric Batteries. Translated by 

L. M. FiSHBACK. Sd edition. New York, 1883. 8vo. 
Nobile(A.): Differenzadi longitndine fra Napoli e Palermo. Naples.. 

1874 4to. 

: 748 -S. 1877. 4to. 

: Sistemi di stelle multiple. 1878. 4to. 

: Nuovo metodo per Tosservazione della distanze delle stelle multi- 
ple. 1875. 4to. 

: Misure di alcuni sistemi di stelli multiple. Naples, 1875. 4 to. 

: Reflessione relative alia determinazioni telegrafica di differenza 

di longitudine. Naples, 1877. 4to. 
NoRMAND (J. A.): Occultations d'etoiles par les planetes. Paris, 1876. 4to. 
Norton (W. A.): A Treatise on Astronomy. Fourth edition. New York, 

1867. 8vo. 
NouRSE (J. E): See Washington (U. S. N. Observatory). 
NyrIjn (M.): Determination du Coefficient Constant de la Precession au 

moyen d' etoiles de faible eclat. St. Petersburg, 1870. 4to. 
Nutation der Erdachse. St. Petersburg, 1873. 4to. ^ 

Die Polhohe von Pulkowa. St. Petersburg, 1873. 4to. 
Declinaisons des Etoiles Principales pour 1845.0 deduites des ob- 
servations, 1843-49. St. Petersburg, 1875. 4to. 

: Das Aequinoctium ftir 1865.0. St Petersburg, 1876, 4to. 

: See Fuss. 

Observatory: 1879, 80, 81, 83, 83. London, 1878-1883. 8vo. 

OOKERSON (G. A.) and Teeple (G,): Tables showing difference of level in feet 

corresponding to a given angle, etc. Engineer Dept. U. S. A. 

Washington, 1879. 16mo. 
Oeltzen (W.): Nachweis des Vorkommens von Sternenaus den Argelan- 

der'schen Nordlichen Zonen in anderen Quellen. Abtheilung 

I and II. Vienna, 1854, 56. 8vo. 
: Zusammenstellung v. Quellen ftir Sternoerter, zwischen + 45° und 

+80°, mit Ausschluss der Argelander'schen Zonen. Vienna, 

1854. 8vo. 

: Eigene Bewegung von Fixsternen abgeleitet aus der Vergleichung 

der Histoire Celeste mit d. Argelander'schen N. Zonen. 
Vienna, 1855. 8vo. 

: Schwerd's Beobachtungen von uircumpolarsternen. Vienna^ 

1855. 4to. 
3— Ap. 
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Okltzen (W.): Argelandbr's Zonen-beobachtUDgen von— 15° bis— Sr 
ftir 1850.0. Vienna, 1858. 8vo. 

: Erganzungen zur HUioire Cileste uad einigen andem Sternkata- 

logen. Vienna. 8vo. 

: Vergleichungen zwischen den Zonen Beobachtungen von Bessel 

nnd Argelander. Vienna. 8vo. 
Olbers (W.): Abhandlung ueber die leichteste * * * Methode die 
Bahn eines Oometen za berechnen. Herausgegeben von 
Encke. Weimar, 1847. 8vo. 
Olbeos (W.) and Be33BL (F. W. ): Brief wechsel. Vols. 1-2. Leipzig, 

1852. 8vo. 
Olmsted (D.) Secular Period of Aurora Borealis. Washington. 4to. 
Olney (E.): Syllabus of th«^ Course in Analytic Geometry in the Univer- 
sity of Michigan. Ann Arbor, 1865. 8vo. 
Oppolzer (Th.) Eatwickelung von Dlfferentialformsln zur Verbesser- 
ung einer Plane ten-ode r Kometen bahn. Vienna, 1864, 8vo. 
Bahnbestimmung des Plane ten Ooyicord MI. Vienna, 1868. 8vo. 
Bahnbestimmung des Planeten Angelina, Vienna, 1869. 8v^o. 
Q^ographische Co-ordinaten von Aden. Vienna, 1869. 8vo. 
Bahnbestimmung des Planeten Elpis. Vienna, 1870. 8vo. 
Ueber den Venusdurchgang des Jahres 1874 Vienna, 1870. 8vo. 
Ueber den Winnecke'schen Kometen 1819, III. Abhandlung L 

Abhandlung IL Vienna, 1870-1873. 8vo. 
Ueber die Bahn des Planeten Aegina. Vienna, 1871. 8vo. ' 
Ueber die Bahn des Planeten Erato. Vienna, 1871. 8vo. 
Nachweis fUr * * * Ephemeriden der Planeten 58, 59, 62, 64, 

113. (FOr 1874, 1876, 1876.) Vienna., 8vo. 

Beobachtung des Venusdurchganges, 1874. Vienna, 1875. 8vo. 

Entwickelung der Differentialquotienten der wahren Anomalie 

und des Radius- Vectors * * * in nahezu parabolischen 

Bahnen. Berlin 1878. 8va 

Neue Methode zur Bestimmung der Bahnelemente gleicherWahr- 

scheinlichkeit. Berlin, 1878. 8vo. 
Ueber d<e Berechnung der W. Anomalie in nahezu parabolischen 

Bahnen. Munich, 1879. 4to. 
Uber die anomalen Bewegungserscheinungen einiger Kometen 

etc. Kiel, 1880. 4to. 
Ueber die Bestimmung grosser wahrer Anomalien in parabolischen 

Bahnen. Berlin, 1880. 8vo. 
Ueber die Sonneuiinsterniss des Schu-King, Berlin, 1880. 8vo. 
Lehrbuch zur Bahnbestimmung der Kometen imd Planeten. 
Band I. Ist ed. (1870), and 2d ed. (1882). Band II. Ist ed. 
(1880). Leipzig. 4to. 
Ueber die Bestimm.ung einer Kometenbahn. Abhandlung I 
(1868); Abhandlung II (1869); Abhandlung III (1871). Vi- 
enna. 8vo. 
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Oppolzer (Th.): Ueber einige Relationen zwischen den combinations sum- 
men der Quadrate der geraden und ungeraden 2^hlen. 4to. . 

OUDEMANS (J. A, C): Die Triangulation von Javft. Part I. Batavia, 
1875. Folio. 

Oxford: Radcliffe Observatory. [First] Catalogue of 6317 stars. Second 
Catalogue of 2886 stars. Oxford. 1860, 1870. 8vo. 

: Badcliffe Observatory. Astronomical Observations in the year 

1840-1-2-3-4-5-6-7-8-9, 1850-1-4-8, 1859-60 (Iv) 1861, Ox- 
ford. 8vo. 

Paris (Academy of Sciences): Table generale des Comptes Bendus des 
seances de I'Academie des Sciences. 1 voL Tomes I-XXXI 
(3 August, 1835, to 30 December, 1850). 1 vol. Tomes XXXII- 
XLI (January, 1851, to 30 December, 1865). Paris, 2 vols. 4to. 

: Table des Matieres contenues dans les Memoires de la classe des 

Sciences, Mathematiques et Physiques de Tlnstitut de France. 
(Extrait du Catalogue general de Gauthier- Villars). 

: Tables des Matieres contenues dans les Memoires presentes par 

divers Savans a I'Academie des Sciences de Flnstitut de France 
et imprimes par son ordre. Extrait du Catalogue General de 
Gauthier- Villars. 

* 

: Academy of Sciences. Recueil de memoires, rapports et docu- 
ments relatifs a Tobservation da passage de Venus (1874). 
Paris, 1874. 4to. 

: Academy of Sciences. Mission de Tile Saint-Paul (Transit of 

Venus, 1874). Paris, 187a 4to. 

: Association Scientifique de France. Bulletin hebdomadaire. Vols. 

(12-3-4-5), (16-7-8-9), (20-1-2-3), (24-5; 1-2). Paris 1873-^ 
1880. 8vo. 

Bureau des Longitudes. Annales. See Montsouris, 

: Annuaire for 1881, 1883, 1884. Paris. 12mo. 

: See Connaissance des Temps. 

Depot General de la guerre. Memorial, Vol. XL Determina- 
tion des Longitudes, etc. en Algerie. 2, 3, fascicule. Two 
vols. Paris, 1878, 1880. 4ta 

Exposition of 1867. Reports of the U. S. Commissioners. Vols . 
1-2 4-5-6. Washington, 1870. 8vo. 

Exposition of 1878. Reports of the U. S. Commissioners. Vols. 
1, 2, 3, 4, 5. Washington, 1880. 8vo. 

Ministere de Tlnstruction Publique. Revue des travaux scientif- 
iques, 1881. Paris, 1881. 8vo. 

National Observatory. Bulletin Astronomique* Nos. 1-58, 66-81; 
Nos. 59-65 missing. Paris 1872. 8vo. 

National Observatory. Eleves-astronomes; organ^'sation des etudes. 

Paris, (1879). 4to. 
National Observatory. Ecliotic Charts. Bound in 1 vol. Folio. 

See Chacornac. 
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Pakis: National Observatory. Rapport Annuel 1872, '79, '82, '83. Paria 4to. 
: National Observatory. Bulletin Astronomique publie par F. Tis- 

SERAND. Vol. I. Paris, 1884. 8vo. 
Parsons (F. J.): Elliptic elements of Comet 1882, 1. London, 1884 8vo. 
Paul(H. M.): Semi-diameter of the Moon. Washington, 1883. 4to. 
: The effect of Railroad Trains in transmitting vibrations through 

the ground, ^okohamsu 8vo. 
Peirce (B.): An elementary treatise on curves, functions and forces. Vols. 

I-II. Boston, 1846-1852. 8vo. 

: Tables of the Moon. Washington, 1865. 4to. 

: A new system of Binary Arithmetic. Washington, 1876. 4to. 

Peirce (C. S.): Note on the Sensation of Color. New Haven, 1877. 8vo. 
: On the Ghosts in Rutherfurd's Diffraction-Spectra. Baltimore, 

1879. 4to. 

: A Quincuncial Projection of the Sphere. Baltimore, 1879. 4to. 

: Note on the Theory of the Economy of Research. Washington, 

1879. 4to. 
Peirce (J. M.): Three and four place tables, etc. Boston, 1871. 8vo. 

: Mathematical Tables. First Series, Boston, 1880. 12vo. 

Perrier (F.): See Ixewy. 

Perrotin (J.): Visite A divers Observatoires d'Europe. Paris, 1881. 8vo. 

Pesaro: Observatory. Bulletino mensile. Series II, voL 1. Bologna, 

1875. 8vo. 
Peters (C. A. F.): Bestimmung des Laengenunterschiedes zwischen * * * 

Altona-Kiel. Kiel, 1873. 4to. 
Peters (C. F. W.): Astronomische Tafeln und Formeln. Hamburg, 1871. 

8vo. 
Peters (C. H. F.): Longitude of the Western Boundary Line of New 

York. Albany, 1868. 8vo, 
: Celestial Charts, Nos. 1-20. Bound in one volume. Index accom- 
panies the charts. Washington, 1882. Folio. 
Philadelphia: American Philosophical Society. Proceedings, Nos* 

100-1-2-3-4-5-6. Philadelphia, 1877-. 8vo. 
Photographs: Of Instruments. See Catalogues. 
Pickering (E. C): Observations of the Corona, 1869. London, 1869. 8vo. 

: Elements of Physical Manipulation. New York, 1873. 8vo. 

: Comparison of Prismatic and Diffraction Spectra.. Boston, 1875. 

8vo. 
A nebtda photometer. New Haven, 1876. 8vo. 
Dimensions of the Fixed Stars, etc. Cambridge, 1880. 8vo. 
Large Telescopes. Boston, 1881. 8vo. 
Variable stars of short period. Cambridge, 1831. 8vo. 
Plan for securing observations of the variable stars. Cambridge, 

1882. 8vo. 
Statement of Work done at the Harvard College Observatory 

during 1877-1882. Cambridge, 1882. 8vo. 
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Pickering (E. C): The Wedge Photometer. Boston, 1882. 8vo. 

: First Circular of Instructions for Observers of Variable Stars. 

1883. 8vo. 

: Mountain Observatories. 1883. 8vo. 

^: Observations of the Transit of Venus, 1883l Cambridge, 1883. 8vo. 

PiCKERma (E. C), Searle (A) and Wendell (O. C): Photometric Meas- 
urements of p Persei and D. M. 81°, 25. Boston, 1881. 8vo. 
Pickering (W. H.): Photometric Researches. Cambridge, 1880. 8vo. 
Pj[HL(O.A.L.): Stellar cluster in Perseus. Christiania, 1869. 4to. 
Pittei(C.): Recordo del Prof. G. B. Donatl Florence, 1873. 8vo. 
Plantamour (E.): Observations faites dans les stations astronomiques 

Suissea Geneva, 1873. 4to. 
— ' — : Nouvelles Etudes sur le Climat de Geneve. Geneva, 1876. 4to. 
: Nouvelles experiences faites aVec le pendule a reversion. Geneva, 

1876. 4to. 
: Sur le mouvement d'un pendule et de ses supports. Geneva. 

1878. 4to. 
: Resume Meteorologique pour Geneve et St. Bernard pour Tan, 

1866, 1870, 1876, 1877. Geneva. 8vo. 
Plantamour (E.) and Hirsch (A.): Difference de longitude entre Geneve 

et NeuchateL Gteneva, 1864. 4to. 

— : Same entre les stations suisses, etc. Geneva, 1872. 4to. 

-^ : Same, Geneva, 1875. 4to. 

Plantamour (E) and Wolf (R.): Difference de longitude entre Zurich et 

* * * * Geneva, 1877. 4to. 
POGGENDORFF(J. C): Biographisch-literarisches Hand wort erbuch. Vols, 

1-2. Leipzig, 1866. 8vo. 

: Geschichte der Physik. Leipzig, 1879. 8vo. 

PoissoN (S. D.) Traite de Mecanique. Second edition. Vols. 1-2. Paris, 

1833. 8vo. 
Potsdam: Astrophysikalische observatorium. Publicationen. Band IIL 

Potsdam, 1883. 4to. 
Pontecoulant (G. de): Theorie analytique du Systdme du Monde, vols. 

1-2-3. Paris, 1829-1834. 8vo. 
Powell (J. W.): Report on the Methods of surveying the Public Domain. 

Washington, 1878. 8vo. 
Prague: K. K. Stemwarte. Beohachtungen, 1880, 1881, 1882. Prague. 4to. 
Pratt (O.): New and easy method of solution of the cubic and biquad- 
ratic equations. London, 1866. 8vo. 
Price lists: See Catalogues. 
Prince (C. L.): Summary of a Meteorological Journal kept at Crowbor- 

ough, Sussex, for 1883. Folio. 
Pritchett (H. S.): Ephemeris of the satellites of Mars. 1831. 8vo. 

-= : See Eastman. 

Proctor (R. A.): Saturn and its system. London, 1865. 8vo. 
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PROOTOB (R. A.): A chart of the N. hemisphere showing all the stars in 

AfiGELAKDBR's chart& Manchester, 1871. 4to. 

: The Sun. 2d edition. London, 1872. 8vo. 

: The Universe and the coming transits. London, 1874. 8vo. 

: A star atlas for Students and Observers. 4th edition* London, 

1877. Folio. 
PULKO VA : Tabulae Ref ractionum in usum Speculae Polcovensis Congestae. 

St Petersburg, 1870. 8vo. 
: Observatory. R. A. de 300 etoiles pour 1845.0. St Petersburg* 

1871. 4to. 
: Observatory. Declinaisons des etoiles principales pour 1845.0. 

(Extr. du Vol. IV). St. Petersburg, 1872. 4to. 
: Observations de Pulkova publiees par Otto Struvb. Vols. IX, 

XIIL St Petersburg, 1878-1881. 4to. 

: Observatory. Catalogus librorum. Part II. St. Petersburg, 1880. 8vo. 

. Observatory. Jahreahericht 1868, '70, 71, '71-2, '72-3, '74, '75, 

'76, '77, '78. 1881, 83. St. Petersburg. 8vo. 
PliaDY(B. S.): Psychrometrical observations, taken at Fascher, Darfour. 

Cairo, 1877. 8vo. 
QusTBLBT (A.): Sur la difference de longitude de Bruxelles et de Greenwich. 

Brussels, 1854. 4to. 
Ramsey (M. W.): Elements of Astronomy containing several new theories. 

Minneapolis, 1883. 8vo. 
Ran YARD (AC): On the formation of the Tails of Comets. London, 

1883. 8vo. 
Rayet: SeeAsDBJE, 
ReCTer (F.): Der nordliche gastirnte Himmsl. Chart [in lecture room of 

Professor of Astronomy] and text G3tha, 1874 8vo. 
Rice (J. AL) and Joh.vsox (W. W.): A new method of obtaining the dif - 

ferentials of functions, etc. Cambridge, 1873. 8vo. 
RiTTER (A): Anwendungea der Mechanischen Warm3theorie auf Kosmo- 

logische Probleme. Hannover, 1879. 8vo. 
Robinson (H. N.): A treatise on Astronomy. New York, 1858. 8vo. 
Robinson (T. R.): Places of 5345 Stars (1828-1854) observed at the Armagh 

Observatory. Dublin, 1859. 8vo. 
: Places of 1,000 stars observed at the Armagh Observatory. Dub- 

Im, 1878. 4to. 
[RoDGERS(J.)]: In Memoriam. Washington, 1882. 8vo. 
Rogers (W. A): Determination of the latitude by Prime-Vertical obser- 
vations. New Haven, 1869. 8va 
: Periodic errors of R A's observed between 1858 and 1871. Bos- 
ton, 1874 8vo. 

: Catalogue of 618 stars observed in 1871-75. Cambridge, 1880. 4ta 

Rome: Roman College Observatory. Memorie, New series. Vol. IL 

(1860-68). Rome, 1863. 4to. 
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RoscoB (H. E.) and Thorpe (T. E.): Relation between the Sun's altitude^ 
and the Chemical Intensity of Daylight. London, 1870. 4to. 

RosfiN(P. G.): Studien iind Messungen an einem Zobllneb*schen Photo- 
meter. St. Petersburg, 1869. 8vo. 

RossE (Lord): The Monster telescopes erected by the Earl of Rosse. Par- 
sontown, 1844. 8vo. 

Rosse (Lord) and Boeddickeb (O.): Physical appearance of* Comets h and 
c, 1881. Dublin, 1882. 4to. 

Rowell (G. p.): American Newspaper Directory. New York, 1877. 8vo. 

RUBENSON (R): Om Stormen den 80 Maj, 1865. 8vo. 

RuEMKEB (C): Mittlere Oerter von 12000 Fixstemen. -4.Z«o, Neue Folge. 
Hamburg, 1843. 4to. 

RuNKLE (J. D.): New Tables for the Coefficients in the Perturbative Func- 
tion. Washington, 1855. 4to. 

: Asteroid Supplement fto the above.] Washington, 1855. 4to. 

Russell (H. C): Longitude of Sydney Observatory; Clark's Companion 
of Siriiis; The Triangle Micrometer; Results of the Transit of 
VentLs: The mounting of large Object-glasses; New Form of 
Equatorial Mounting (in one cover.) Sydney, 1878. 8vo. 

: On a new Method of Printing Star Maps; The Conjunction of 

Mars and Saturn; The River Darling (in one cover.) Sydney, 

1879. 8vo. 

: A Sliding Scale for Correcting Barometer Readings. Sydney, 

1880. 8vo: 
New Double Stars and Binaries. Sydney, 1880. 8va 
Recent Changes in the Surface of Jupiter. Sydney, 1880. 8vo. 
The Wentworth Hurricane. Sydney, 1879. 8vo. 
Thunder and HaD -Storms in N. S. Wales. Sydney, 1880. 8vo. 
The Spectrum and Appearance of the Recent Comet. [1881.] 

Sydney, 1881. 8vo. 

: Transit of Mercury, 1881. Sydney, 1881. 8vo. 

: Address as President of the Royal Society of N. S. Wales, 1882. 

Sydney, 1882. 8vo. 

: Results of Double Star measures 1871-1881. Sydney, 1882. 8vo. 

: See Sydney Observatory. 

Saffobd (T. H.): R a. of the Pole Star. Cambridge, 1864. 8vo. 

: Catalogue of the Mean declinations of 981 Stars. /Washington, 

1873. 4to. 

: Catalogue of the Mean declination of 2018 Stars. Washington, 

1879. 4to. 

: Catalogue of the Declinations of 532 stars; also a new method for 

correcting a planet's orbit. In Astronomical Pamphlets vol. 1. 

: Notes upon certain doubtful star-place& London. 8vo. 

: Investigation of Corrections to the Greenwich Planetary Observa- 
tions. (1762-1830.) Washington. 1883. 4to. 
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St. Loms: Academy of Science, Tranactctions, VoL 4, no. 1-2. St. Louis, 

1880. 8vo. . 

St. Petersburg: Academy of Sciencea Melanges mathematiques et as- 
tronomiques. Vol. I, II, III, IV, V, VI, (1). St Petersburg, 
1853-1888. 8vo. 

: International Polar Commission. Communications. Parts 1, 2, 

3, 4. St Petersburg. 1882. 8vo. 

Salleron (J.): Notice sur les instruments de precision- Paris, 1864 8vo. 

San Fernando: Observatory. Anales. 1880, Sec. 2. San Fernando. 

1881. FoUo. 

Santiago: Observatory. Observaciones Meteorologicas, 1866, 1867, 1869. 

Santiago. 8vo. 
Santini (G.): Teorica degli Stromenti otticL Vol. 1-2, bound in 1 vol. 

Padua, 1828. 8vo. 

: Posizionimediedi27088telle. — 10" e — 12" 30'. Venice, 185a 4to. 

Sawitsch (A.): Abriss der Praktischen Astronomic. Leipzig, 1879. 8vo. 
Sawyer (E. F.): First Catalogue of Radiant Points of Meteors. New 

Haven, 1879. 8vo. 

: Second Catalogue of Radiant Points of Meteors. London, 1880. 8vo. 

ScHiAPARELXi (G.V.) and Denza (P. F.): Stelle cadenti prodotta dalla 

Cometa di Biela, 1872. Florence, 1872. 8vo. 
Schjellerup (H. C. F. C): Stjemefortegnelse * * * 10,000 Fix- 

stjerner. Copenhagen, 1864. 4to. 
: Genaeherte Oerter der Fixsternen in den Astronomischen Nach- 

richten. Band 1-66. Leipsig, 1867. 4to. 

: Description des etoiles fixes par Al-Sxjfl St, Petersburg, 1874. 4to. 

Schmidt (J. F. J.): Charte der Gebirge des Mondes, Erlauterungsband 

(only). Berlin, 1878. 4to. 

: Kurze Erlauterung zur * * * Mondcharte. Berlin, 1878. 4to. 

Schoenfeld (E.): Catalog von veranderlighen Sternen, Mannheim, 

1866. 8vo. See Mannheim. 
Schott (C. a.): Results of [magnetic] observations at Washington, 1867- 

1869. Washington, 1869. 4to. 
: Determination of Weights to be given to observations with porta- 
ble Transits. Washington, 1872. 4to. 

: Determination of the Azimuth of a Direction.' Washington. 4to. 

: Determination of the Latitude by the Zenith Telescope. Same of 

Time by the Tracsit. Addenda to both the above papers. 

Washington. 4to. 

: Tables of Rain and Snow in U. S. Washington. 4to. 

: See Kane. 

ScHROETER (J. H.); Neueste Beitrage zur Erweiterung der Sternkunde. 

Erste AbtheiluDg (1800). Zweite Abtheilung (1800). . Hermo- 

graphische Fragmente (1816) (bound in 1 vol.). Gottingen, 

1800-1816. 8vo. 
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SoHRADER (C): Verzeichniss der Sterne, 1 bis 5 Groesse. [Lithograph,] 

O'Gyalla, 1877. 4to. 
Schubert (E.): Tables of ^uwomia. Washington, 1866. 4to. 

: Tables of Harmonia, Washington, 1869. 4to. 

: Tables of Parfhenope\ Tables of Melpomene, In Astronomical 

Pamphlets, VoL 3. 
SCHULTZ (H.): Declinations -bestimmung mit dem Dolland'schen Durch- 
gangs Instrument aiif der Berliner Sternwarte. Berlin, 
1858. 4to. 
SCHUMA.CHER (H. C): Sammlung von Hiilfstafeln; neu herau^gegefcen 

• von G. H. L. Warnstoff. Altona, 1845. 8vo. 
Schumacher (H, C.) and Gauss: Brief wechsel. Vols. l-2-3-4-(5-6). Al- 
tona. 1860. 8vo. 
ScHUR(W.): Bestimmung der Masse desPlanetenJiwpifer. Halle, 1882. 4to. 
ScHWEDOFF (Th.): Idees nouvelles sur Torigine des Formes Cometaires, 
Odessa, 1877. 8vo. 
Illusions Astronomiques. Odessa, 1878. 8vo. 
Notice explicative sur le Cometaire. Paris, 1878. 8vo. 
Theorie Mathematiquedes Formes Cometaires. Odessa,"' 1879. 8vo. 



Science: Vols. 1, 2. Cambridge, 1882, 1883. 8vo. 

Science Observer: Circulars, 

Searle (A ): The Zodiacal Light. Boston, 1883. 8vo. 

: See Pickering. 

Secchi (A.): Misura della Base nulla Via Appia, 1854-5. Rome, 1858. 4to. 

: Sulla relazione de' fenomeni meteorologici coUe variazioni del 

magnetismo terrestre. Rome, 1864. 8vo. 

: Sulla differenza di longitudine f ra Napoli e Roma. Naples, 1871. 4to. 

: Le SoleiL 2 vols., and atlas. Paris, 1875-7. 8vo. 

Seibt (W.): Gradmessungs-Nivellement zwischen Swinemtinde und Am- 
sterdam. Berlin, 1883. 4to. 

: Praecisions-Nivellement der Elbe. Pi^rt II. Berlin, 1881. 4to. 

'—: Gradmessungs-Nivellement zwischen Swinemtinde und Konstanz. 

Berlin, 1882. 4to. 

Seguin (aine): Sur Thypothes^ de Laplace. Paris. 1867. 4to. 

Seidel (L.) and Leonhard (E.): Helligkeits-Messungen an 208 Fixsternen. 
Munich, 1867. 4to. ^ 

Serpieri (A.) Di una probabile relazione tra i pennacchi del Sole e )e pos- 
izioni dei pianeti. 1 871. 8vo. 

[Settimanni (C. LJ Nouvelle methode pour determiner la parallaxe du 
Soleil. Florence, 1869. 8vo. 

: Seconde nouvelle methode, etc. Florence, 1870. 8vo. 

Seue (C. de): Windrosen des stidlicheif Norwegens. Christiana, 1876. 4to. 

[Shadwell ]: Formulae used with Shad wbll*s Tables for Prediction 
of Eclipses. Shanghai, 1874 8vo. 

Sharpless (I.): Latitude of Haverford College Observatory. Philadel- 
phia, 1883. 8vo. 
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Shdanow {A.): [Mlemoir on Perturbations of the Minor Planets — in Rus- 
sian.] St. Petersburg, 1884. 8vo. 
Sidereal Messenger: Vols. 1-3. Northfield, 1882-3. 8vo. 
fiiBaw8(C. W.): On the Conservation of Solar Energy. London, 1883. 8vo. 
SiOSBEB (C. B.) Deq» Sea Sounding and Dredg^g. Washington, 1880. 4to. 
SiLUMAN (B.): Principles of Physics. 3d edition. Philadelphia, 1863. 8vo. 
SiMHS (W.): On the optical glass preparod by the late Dr. Ritchie. Lon- 
don, (1849). 4ta 
Smius: VoL 15-16. Leipzig, 1882. 8vo. 
Smith (H. L.) and Mason (E. P.): Observations on Nebulae. In Astron- 

omioal PampTdeta, Vol. L • 

Smith (N. D.): Meteorological Observations in Arkansas from 1840 to 1859. 

Washington. 4to. 
SiCYTH (C. P.): Report on the Teneriffe Astronomical Experiment of 1856. 

London, 1858. 4to. 
: On the lines forming the low temperature spectrum of Oxygen. 

Edinburg, 1883. 4to. 

: Madeira Spectroscopic. Edinburg, no date. 4to. 

Smyth (W.H.): Sidereal Chromatics. London, 1864 8vo. 

: Cycle of Celestial Objects; 3d edition by G. F. Chambers. Oxford, 

1881. 8vo. 
SoNNTAG (A.): Terrestrial Magnetism in Mexico. Washington. 4to. 
SoucHON (A.): Traits d'Astronomie Pratique comprenant T^xposition du 

calcnl des ephem^rides, etc. Paris, 1883. 8vo. 
Spobrer (G.): Ueber die Enstehung der Protuberanzen durch Chemische 

Processe. Berlin, 1878. 8vo. 

: ResultateausBeobachtungenderSonnenflecka Berlin, 1884. 8va 

: Ueber die Ermittelung der KnotenlS.nge und Neigung bei Bestim- 

mung der Rotationselemente der Sonne. Berlin, 1884. 8vo. 
Stephan (E.): Rapport sur Tobservatiifti de Teclipse de soleil du 18 Aoilt, 

1868. Paris, 1869. 8vo. 

: See Loewy. 

Stewart (B.): See De la Rue. 

Stieler (A.): Hand- Atlas. Gotha. No date. Folio. 

Stockholm: Observat >ry. Astronomiska lakttagelser och undersok- 

ningar. Vol. I, part 3. Stockholm, 1877. 4to. 
Stockwell (J. N.): A treatise on the Secular Equations of the moon's 

mean motion. Cambridge, 1867. 8vo. 

: Theory of the Moon's Motion. Philadelphia, 1881. 8vo. 

: Secular Variations of Orbits of Planets. Washington. 4to. 

Stone (K J.): The Cape Catalogue of 1,159 Stars for 1860.0. Capetown, 

1860. 8vo. 

: The Cape Catalogue of Stars for 1840.0. Capetown, 1878. 8vo. 

: Catalogue of 13,441 Stars for 1880. London, 1881. 4to. 

Stone (O.): Extra meridian determination of time by means of a portable 

Transit. Cincinnati. 8vo. 



MK WASBBUBN OB SEE VA TOR Y. 43* 



3TQNYHTJ9ST: Observatory. Results of Heteordlegioiil 

Olwervdtions. 1860-^-5-6-7-9; 1870-1-^3-4-5^6^7-8-9; 1880- 

1-2. BoehamptoB. 16mo. 
Stratfobd (W. S.): Elements of Halley*s Comet, 1835-3a London, 

1837. 8vo. 
Stbuve (H.): Ueber den EinfLuss der Diffraction an Fernrdhren auf 

Lichtscheiben. St. Petersburg, 1882. 4to. 
Stbitve (O.): Observations faites a Tepeque oil le plandes anneaux de Sat- 

ume passait par le Soleil. St Petersburg, 1862. 8vo. 

: Observations de quelques nebuleuses. St. Petersburg, 1864. 8vo.. 

: XJbersicht der Thatigkeit der Nicolai -Hauptsternwarte wahrend der 

ersten 25 Jahre ihres Bestehens. [Photograph of W. Struve 

missing.] St. Petersburg, 1865. 4to. 

: Beobachtungen desKometen von 1861. St Petersburg, 1868. 4to. 

: Tabulae Auxiliares ad transitus per planum primum verticale re- 

ducendos inservientes. St Petersburg, 1868. 8vo. 
: Tabulae Quantitatum Besselianarum pro annis 1750 ad 1840, com- 

putatae: Same, 1865-1874: same, 1885-79- St Petersburg, 

1869. 8vo. 
and LiAPONOFP (M.): Observations de la N6buleuse d'Orion faites a 

Cazan et a Poulkova. St Petersburg, 1862. 4to. 
Struve (W.): Stellarum duplicium mensurae micrometricae. St. Peters- 
burg, 1837. Folio. 
: Description de Fobservatoire astronomique Central de Poulkova. 

1 vol. text; 1 voL platea St Petersburg, 1845. 4to. 

: Etudes d'Astronomie Stellaire. St. Petersburg, 1847. 8vo. 

: Stellarum fixarum imprimis duplicium positiones mediae pro 

1830.0. St. Petersburg, 1852. Folio. 
: Recueil des memoir^s presenets * * * par les astrono- 

mes de Poulkova, etc. Vols. I-II. St Petersburg, 1853. 4to. 
Sydney: Observatory. Results of Meteorological Observations in N, S, 

Wales, 1875; 1877. Sydney, 1880, 1881. 

: Observatory. History and Progress. Sydney, 1882. 8vo. 

: Observatory. Results of Rain and River observations in N. S. 

Wales for 1879, 1880, 1881, 1882. Sydney. 8vo. 
TACcraNi(P,): Osservazioni di stelle australe * * * a Palermo. [1001 

observations printed in Bull Meteor, delR Osser, di Palermo,. 

VoL III, No. 4 to Vol. V, No. 7.] Bound in one volume* 

Palermo, 1867-69. 4to. 

: II Passagio di Venere sul Sole (1874). Palermo, 1875. 4to. 

Taintor (E. C): Catalogue of 384 transit stars. Shanghai, 1878. 8vo. 
Tait (P. G.) See Thomson. 

Tatlock (J.): The position of A, XJrsae Mnoris. London, 1882. 8vo. 
: Variation of barometric measurements of altitudes with the 

season. Boston, 1882. 8vo. 
: Elliptic elements of Comet h, 1882. London, 1883. 8vo. 
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Tatlock (J). : On the principal coefficients in the Barometric Formula of 

Laplace, as applied to the White Mountain Region, Boston, 

1883. 8vo. 
{Tauchnitz] (K): Dictionary of the English and Dutch Languages. 

Leipzig, 1878. 32mo. 
; Dictionary of the English and Danish Languages. Leipzig, 1882. 

32 mo. 
: Dictionary of the English and Swedish Languages. Leipzig, 1883. 

32 mo. 
Tebbutt (J.): Meteorological observations for 1863-66. Sydney, 1868. 8vo. 

: iSawe for 1867-1870. Sydney, 1874. 8vo. 

Teeple (J.): See Ockerson. 

Tennant (J. F.): Report on the observations of the Transit of Venus, 1874, 

Calcutta, 1877. 4to. 
Terby (F.): Observations des Com^tes 6 et c 1881. Brussels, 1881. 8vo. 
: Remarques [sur les] observations de M. Schiaparelli sur Mars, 

London, 1881. 8vo. 
Aspect de la grande Com^te de 1882. Brussels, 1882. 8vo. 
Note sur I'aurore boreale du 2 Oct 1882. Brussels, 1882. 8vo. 
Same, 17 Nov. 1882. Brussels, 1882. 8vo. 



Thacher (G. H.): Letters to the Majority of the Trustees of the Dudley 
Observatory. Albany, 1858. 8vo. 

Theorell (A G.): Description d'un Meteorographe enregistreur. Upsala. 
1868. 4to. 

Thiele (T. N.): Castor. Copenhagen, 1879. 8vo. 

Thieme-Preusser: Critical Dictionary of the English and German Lan- * 
guages. Hamburg, no data 8vo. 

Thomson (W.) and Tait (P. G.): Elements of Natural Philosophy. Part L 
Second edition. Cambridge, 1879. 8vo. 

Thorpe (T. E.): See Roscoe. 

Tischner (A): Groesse, Entfernung und Masse der Sonne. Leipzig, 
1882. 8vo. 

-: : The Sun changes its position in space, etc. Leipzig, 1883. 16ma 

Todd (D. P.): Continuation of Damoiseau's Tables of the Satellites of Jupi- 
ter to 1900. Washington, 1876. 4to. 

: Observations of the Transit of Mercury, 1878. 1879. 8vo. 

: Account of a search for a Trans-Neptunian Planet. New Haven, 

1880. 8vo. 

: Solar parallax from the velocity of light. New Haven, 1880. 8vo, 

Solar parallax from American photographs of Transit of VenuSf 

1874. New Haven, 1881. 8vo. 

: The electric telegraph during total eclipses. 1881. 8vo. 

: Observations of the Transit of Venus, 1882, at the Lick Observa- 
tory. New Haven, 1883. 8vo. 

Toronto (Observatory): Report of the Canadian observations of the 
Transit of Venus, 1882. , 1684. 8vo. 
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TowLER(J.): The Silver Sunbeam; a text book of [photography]. New- 
York, 1864. 8vo. 

Trautwine (J. C): The Civil Engineer's Pocket Book. Philadelphia, 
1872. 12mo. 

Tbembley (J. B.): Annual Meteorological Synopsis of observations in 
Toledo, Ohio, for 1865, 1866. Toledo. 8vo. 

Tbesc A : See LoEW y. 

Tschermak(G.): Die Bildung der Meteoriten, und der Vulcanismus. Vi- 
enna, 1875. 8vo. 

: TJeber den Vulcanismus als Kosmische Erscheinung. Vienna,. 

1877. 8vo. 

Tycho Brahe: Observationes Coraetae Anni 1585. In Astronomical 
Pamphlets. Vol 2. 

[Tycho Brahe]: Life of. See Brewster. 

United States: Northern Boundary Survey Commission. Atlas of maps. 
Washington, 1878. Folio. 

United States Transit of Venus Commission: Instructions for observ- 

« 

ing the Transit of Venus, 1874 Papers, Parts I, II, bound in 
1 vol. Washington, 1872-1874. 4to. 

: Observations of the Transit of Venues, Dec. 8-9, 1874^ etc. Wash- 
ington, 1880. 4to. See Washington. 

University op Virginia: Observatory. Publications. Vol. I, part 1. 
University of Virginia, 1883. 8vo. 

Upsala: Observatory. Observations meteorologiques, 1855-1862. Up- 
sala, 1866. 4to. 

: Observatory. Bulletin m^teorologigue. VoL 1, 2, S, 4, 5, 6, 7. 

JL RUBENSON. Upsala. 1860-1875. 4to. 

Upsala: Observatory. Observations meteorologiques horaires. 1865-1868. 
Upsala, 1877. 4to. 

Valentiner (W.): Astronomische Bilder. Leipzig, 1881. 8vo. 

Van Velzer (C. A.): Compound Determinants. Baltimore, 1883. 4to. 

Vega (G. von.): See Bremieer. 

Velasquez (M.): Dictionary of the Spanish and English Languages. Lon- 
don, 1883. 12mo. 

Vienna: Exposition of 1873. Reports of the U. S. Commissioners. Vol. 
1, 2, 3, 4 Washington, 1876. 8vo. 

: K. K Central- Anstalt ftir Meteorologie, etc. Jahrhvjch, 1878, '79, 

'80, '81, '82. Vienna. 4to. 

: Le Congr^s Met^orologique en 1873. 8vo. 

: Meteorological Society. Zeitschrift Vol. 6. Vienna, 1871. 8vo.^ 

Wackerbarth (A. F. D.): Om Planeten Neptunus. Upsala, 1865. 8vo. 

Wagner (A.): Ueber den Gang der Pulkowaer Normaluhr. St. Peters- 
burg, 1864 8vo. 

Waldo (L.): Longitude of Waltham, Mass, Boston, 1877. 8vo. 

: Observations of the Total Solar Eclipse of 1878, at Fort Worth,. 

Texas. Cambridge, 1879. 4to. 
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Walker (J. T.): Account of the operations of the Great Trigonometrical 
Survey of India. Vol. I (1870), II (1879), in (1879), IV (1879), 
V (1879), VI (1882), VII (1882), VIII (1882), IX (1883). Calcutta; 
Dehra Dun. 4to. 

Walker (S. C): Ephemeris of Neptune for 1848-50-51-52. Washington. 
4to. 

r-: Researches on the Planet Neptune. Washington. 4to. Also in 

Astronomical Pamphlets, Vol. L 

Ward (H. H.): A new theory of cometary tails. Wilmington, 1884 8vo. 

[Washburn C. C.]: Memorial Addresses [on the] Life and Character of 
Hon- C. C. Washburn, before the State Historical Society, 
July 25, 1882. Madison, 1883. 8vo. 

Washington: American Ephemeris. Catalogue of Zodiacal Stars. 
Washington, 1864. 8vo. 

: American Ephemeris. Apparent R. A. of Additional Time Stars. 

1881-4. Washington, 1882. 8vo. 

: Bureau of Education. Public Libraries in the U. S. Part L 

Washington, 1876. 8vo. 

: Bureau of Navigation. The Magnetism of Ships and Deviations 

of the Compass. Washington, 1867. 8vo. 

: Bureau of Navigation. Lightning Conductors. Washington, 

1868. 8vo. 

: Bureau of Navigation. Projection Tables for the U. S. Navy. 

Washington, 1869. 8vo. 

: Bureau of Navigation. The Magnetism of Ships (3 reports of Liv- 
erpool Compass Commission.) Washington, 1869. 8vo. 

: U. S. Census Bureau. Statistics of Manufactures of the United 

States in 1860. Washington, 1865. 4to. 

: U. S. Census Bureau. Statistics of the U. S., including Mortal- 
ity, Property, etc., in 1860. Washington, 1866. 4to. 

: U. S. Census Bureau. Compendium of the X Census (1880). Vols. 

1, 2. Washington, 1888. 870. 

: U. S. Census Bureau. Reports. Vol. I (Population), 11 (Manu- 
factures), III (Agriculture), IV (Transportation), V, VI (Cot- 
ton Production.) Washington, 1883-4. 4to. 

: U. S. Coast Survey. Report of Observations of the Total Eclipse 

of the Sun, 1869. Washington, 1869. 4to. 

: U. S. Coast Survey. Reports on the Total Solar Eclipse of 1870. 

Washington, 1870. 4to. 

: U. S. Coast Survey. Notes on Measurements of Terrestrial Mag^- 

netism. 1st edition, 1872; 2d edition, 1877. Washington. 4ta 

: U. S. Coast Survey. Secular Change of Magnetic Declination in 

North America. Washington, 1874 4to. 

: U. S. Coast Survey. The Star Factors, A, B, C, etc. [Tables.] 

Washington, 1874. 4ta 
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Washington: U. S. Coast Survey. Deteimination of Time, Latitude aud 
Azimuth. Washington, 1876. 4ta 

: U. S. Coast Survey. Field Work of the Triangulation. Wash- 
ington, 1877. 4to. 

: U. S. Coast Survey. Formulae and Factors for the computation of 

Geodetic latitudes, longitudes and azimuths. Washington, 
1877. 4to. 

: XJ. S. Coast Survey. Transatlantic Longitude. Washington. 

1877. 4to. 

: U. S. Coast Survey. Catalogue of Stars for Observations of Lati- 
tude. Washington, 1879. 4to. 

: U. S. Coast Survey. Contributions to Hypsometry. Washing- 
ton, 1879. 4to. 

: U. S. Coast Survey. On the application of Triangulation to va- 
rious conditions, etc. Washington, 1879. 4to. 

: U. S. Coast Survey. On a chart of the Magnetic Declination in 

the U. S. Washington, 1879. 4to. 

: U. S. Coast Survey. Measurements of Gravity in America and 

Europe. Washington, 1879. 4to. 

: U. S. Coast Survey. Pacific Coast Pilot: Alaska, Washington, 

1879. 4to. 

: U. S. Coast Survey. Registration of Tidea Washington, 1879. 4to. 

: U. S. Coast Survey. Secular Change of Magnetic Declination in 

the U.S. 3d edition. Washington, 1879. 4to. 

: U. S. Coast Survey. Standards of Measure of the U.S. compared 

with those of Great Britain and France. Washington, 1879. 4to. 

: U. S. Coast Survey. American Standards of Length. Washing- 
ton, 1880. 4to, 

: U. S. Coast Survey. Description of an apparatus for observing 

Currents, Washington, 1880. 4to. 

: U. S. Coast Survey. Description of an inaproved open vertical 

clamp for theodolites and meridian instruments. Washington, 

1880. 4to. 

: U. S. Coast Survey. DescriptiDn of an Optical Densimeter for 

ocean water. Washnigton, 1880. 4to. 

U. S. Coast Survev. Examination of three new 20-inch theodo- 

lites. Washington 1880. 4to. 

■■ — : U. S. Coast Survey. Observations of the Transit of Mercury in 

California, 1878. Washington, 1880. 4to. 

: . Same in Washington. Washington, 1880. 4to. 

: U. S. Coast Survey. Primary Triangulation between Maryland 

and Georgia Base-lines. Washington, 1880. 4to. 

: U. S. Coast Survey. The Pamplico-Chesapeake Arc of Meridian, 

etc. Washington, 1880. 4to. 

: U. S. Coast Survey. Transatlantic Longitude. 2d edition. Wash- 
ington, 1880. 4fco. 
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WASmNQTOW: XJ. S. Coast Survey. Annual Report 

1851— (i, ii) — IJ-3-4-5-6-7-&-9; 1860— l-3-a-4-5-6-7-&-9; 

1870— 1-2-3-4-&-6-7-8-9; 1880—1-2- 

al80 Gteneral Index of Scientific Papers contained in the vols. 

1845-1880. Washington. 4ta 
: U. S. Coast Survey. Meteorological Researches for the Coast 

Pilot Part I (1877), II (1880). Washington. 4to. 
: Engineer Department. Lake Survey. Report on the Primary 

Triang^lation. Washington, 1882. 4to. 
: Engineer Department U. S. Lake Survey. [A partial set of the 

Charts of the Lakes.] 
: Engineer Department. Report of the Chief of Engineers for 1879, 

(i, ii, iii); 1880, (i, ii, iii); 1881, (i, ii, iii); 1882, (i, ii, iii). 1883, 

(i, ii, iii). Washington. 8vo. 

: U. S. Greographical Surveys west of 100th Meridian. 5^6 Wheeler. 

— « : U. S. Hydrographic Office. Instructions for Hydrographic Sur- 
veyors. Washington, 1868. 8vo. 
: U. S. Hydrographic office. Tables for finding the distance of an 

object by two bearings. Washington, 1874 8vo. 
: XJ. S. Hydrographic office. Observing list of [Time] stars in the 

Southern Hemisphere. Washington, 1877. 8vo. 
: U. S. Hydrographic office. Telegraphic differences of longitude: 

Greenwich — Lisbon — Rio — Montevideo, etc. Washington, 

1880. 4to. . 
: U. S. Hydrographic office. Practical Papers, Nos. 1-6. Wash- 
ington. 8vo. 
: U. S. Hydrographic office. [A. partial set of charts of different 

parts of the world.] 
: Interior Department. Official Register of theXJ. S. 1881. Vols. 1-2. 

Washington, 1881. 8vo. 
: National Academy of Sciences. 

Report for 1863, 66, 67. 8vo. 

Memoirs Vol. I., 1866. 4to. 

Proceedings Vol. I., 1877. 8vo. 

Biographical Memoirs, Vol. I, 1877. 8vo. 

A7inuaJ, 1863-4-5-6, (1 vol.). 12mo. 

Bulletin of the Session, April, 1874. 8vo. 

Constitution and Rules, April 17, 1872. 8vo. Washington. 
: National Academy of Sciences. A report on the Surveys of the 

Territories. Washington, 1878. 8vo. 
: National Academy of Sciences. Catalogue of the Watson Li- 
brary. Ms, 
: U. S. Naval Observatory, Zones of stars observed with the Me- 
ridian Circle in 1846. 1860. 4to. 
: U. S. Naval Observatory: Zones observed with the Mural Circle, 

1846-49. 1868. 4to. 
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Washington: U. S. Naval Observatory. Astronomical [and Meteorological] 
observations made at the National [U. S. Naval] Observatory. 
1845-6-7-8-(4»-^0) (1 v.\ (1851-3) (1 u). 
1861-2-3-4-5-^-7-8-9. 
187(>-l-2-a-4r-5-6 (2u>-7-«-9. 

AUo Index to the vols. 1845-1875 in the vol. for 1875. Wash- 
ington 1846-1883. 4to. j 

: U. S. Naval Observatory. Zones observed * * * with the J 

Transit, 1846-49. 1870. 4to. 1 

: U. S. Naval Observatory. Zones observed * * * with the ' 

Meridian Circle. 1847-49. 1847-49. 4to. 

: U. S. Naval Observatory. Reports on Observations of the Total 

Eclipse of the Sun, August 7, 1869. Washington, 1869. 4to. 

: U. S. Naval Observatory. Keports on Observations of the Total 



Solar Eclipse of December 22, 1870. Washington, 1871. 4to. 

— : U. S. Naval Observatory. Founding and Progress of the Observa- 
tory, by J. E. NouRSE. Washington, 1873. 4to. 

— : U. S. Naval Observatory. Reports on [its] removal Washing- 
ton, 1877. 8vo. 

— : U. S. Naval Observatory. Instructions for observing the. Transit 
of Mercury, 1878. Washington. 1878. 4to. 

— : U.S. Naval Observatory. Reports of Observations of the Transit 
of Mercury, 1878. Washington. 1878. 4to. 

— : U. S. Naval Observatory. Reports on the Total Solar Eclipsse of 
July 29, 1878, and January 11, 1880. Washington, 1880. 8vo. 

— : U. S. Patent Office. Results of Meteorological Observations, 
1854r-59. Vol I. Vol II, part 1. Washington, 1861-4. 4to. 

— : U. S. Patent Office. Catalogue of the Library. Washmgton, 1878. 8va 

— : Philosophical Society. Bulletin, Vols. IV, VI. Washington, 
1881. 8vo. 

— : U. S. Signal Office. Prof essional Papers. 
I. Eclipse of 1878. (C. Abbe.) 
II. Isotherms in U. S. 1871^0. (A. W. Greeley.) 

III. Auroras 1870-79. (A. W. Greeley.) 

IV. Tornadoes of May 29-30, 1879. (J. P. Finlay.) 
V. Time-balls. 

VI. Reduction of Barometer to Sea-level. (H. A. Hazen.) 
VII. Six hundred Tornadoes. (J. P. Finlay.) 
VIII. Motions of Fluids, etc., on the Earth. (W, Ferrel.) 
IX. Rainfall in the U. S. (H. H. C. Dunwoody.) 
X. Rainfall and Crops. (H. H. C. Dunwoody.) 
XI. Meteorological Observations on the East Coast of British 

America. (O. T. Sherman.) 
XII. Essays on the Movements of the Atmosphere. (W. Ferrel.) 
Washington, 1881-1883. 4to. 
4— Ap. 
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Washington: U. S. Signal Office. Report of Chief Signal Officer, 1871- 
a-7-9. 1880-1. Washington, 1871-1881. 8vo. 

: U. S. Signal Office. Instructions to Observer Sergeants. Washing- 
ton, 1874. 8va 

: U. S. Signal Office. Instructions for Voluntary Observers. 

Washington, 1883. 8vo. 

: Smithsonian Institution. Occultations visible in the United States, 

1848-1850-'51-'52-'53. Washington. 4to. 

: Smithsonian Institution. Reports for the years, 1858, 54^ 55, 66, 62, 

68, 77, 79, 80, 81. Washington, 1858-1881. 8vo. 

\ Smithsonian Institution. Extracts from the proceedings of the 

Regents in relation to the Electro-magnetic telegraph. Wash- 
ington, (1857). 8vo. 
Smithsonian Institution. Catalogue of Publications of Societies. 

Washington, 1866. 8vo. 
Smithsonian Institution. Directions for Meteorological Observers, 

etc. Washington, 1872. 8vo. 
Snuthsonian Institution. Reports of Observatories for 1879; 1880. 

Washington, 1881. 8vo. 
Smithsonian Institution. List of Foreign Correspondents. Wash- 
ington, 188a 8vo. 
Smithsonian Institution and Nautical Almanac. [Circular 
relative to] the annular eclipse of 1854 Washington, 1854. 
8vo. 

: Surgeon-General's office. Army Meteorological Register for twelve 

years (1848-1854), compiled from observations made at the 
military posts of the U. S. Washington, 1855. 4ta 

: Surgeon-General*s office. [2.] Photographs of the Total Eclipse 

of the Sun, 1869. Washington, 1869. 4to. 

: U. S. Transit of Venus Commission. Instructions for observing 

the transit of 1882. Washington, 1882. 4to. 

: Treasury Department Letter of the Secretary on the adoption 

of the Metric System. Washington, 1878. 8vo. 

: War Department. Views of the War Department concerning the 

surveys of the Territories of the U. S. Washington, 1978. 
8vo. 

Waters (S.): On the Distribution of the Fixed Stars in Space. London, 
187a 8vo. 

: Distiibution of the Clusters aud NebulsB. London. 8vo. 

Watson (J. C): A popular treatise on comets. Philadelphia, 1861. 8vo. 

: Theoretical Astronomy. Philadelphia, 1868. 8vo. 

: Discovery af an Intra-Mercurial Planet New Haven, 1878. 8vo. 

: On the Intra-Mercurial Planets. New Haven, 1878. 8va 
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Watson (J. C): Ecliptic Charts (Ms). 

h, m. h. m. 
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Wbbb (T. W.): Celestial Objects for Common Telescopes. Fourth edition. 
London, 1881. 12mo. 

Webster (N.): Dictionary of the English Language. Springfield^ 1882. 4to. 

Weiss (E.): Bahnbestimmung von Maia, Vienna, 1865. 8vo. 

: Ueber Fixstemsysteme. Vienna, 1865. 16mo. 

: Ueber Cometen und deren Zuzammenhang mit Stemschnuppen. 

Vienna, 1867. 16mo. 

: Beitrsege zur Kenntniss der Stemschnuppen. Abhundlung I; 

Abhandlung II. Vienna, 1868, 1870. 8vo. 

: Stemschnuppenbeobachtungen in Aden. Vienna, 1869. 8vo. 

: Ueber den Zustand der practischen Astronomie in America. Leip- 
zig, 1873. 8vo. 

: Beobachtung des Venusdurchganges vom 1874. Vienna, 1875. 8vo. 

: Anweisung zur Beobachtung allgemeiner Phaenome am Himmel 

mit freiem Auge. 8yo. 

: Resultate der Beobachtungen am Meridian Kreise. Wiener An- 

nalenBd. XVL Vienna. 8^0. 

: [Eleviewof.] Schiapahelli's Entwurf einer Theorie der Stem- 
schnuppen, etc., from V. J. S., der Ast. Gesell. band VII. Leip- 
zig. 8vo. 

Weisse (M.): Variationen der Declination der Magnetnadel in Krakau. 
Vienna, 1859. 4to. 

: Positiones MediaB Stellartim Fiiamm, +15° — 15°. St. Peters- 
burg, 1846. 4to. 

: Same. +15° +45% St Petersburg, 1863. 4to. 

Wendell (O. C): See Pickebing. 

Westphal (A.): Ausdehnungs-coefficienten der Kuerten vermessung. 
Berlin, 1881. 4to. 

Weteb (G. J). E.): Ueber die Differentialformeln fdr Cometenbahnen 
von gro!Sser Excentricitat, etc. Berlin, 1852. 8vo. 



B2* PUBLICATIONS OF 

Whebler(G. M.): List of reports and maps of the U. S. Geograpliical 

Survey west of 100th meridian. Washington, 1881. 8vo. 
Whewell (W.): History of the Inductive Sciences. Vols. 1-2-3. London, 

1837. 8vo. 
Whittlesy (Ch.): Variations of levels in N. A. lakes. Washington. 4to. 
WiLCOCKS (A.): The Nature of the Temporary Star of 1572. Philadelphia. 

1860. 4to. 

: On Shadows without Penumbra. Philadelphia, 1878, 8vo. 

WiJKANDER (A.): Berakning af Planeten Lomia's Bahn. Lund, 1872. 4to. 
Wilkes (C): Theory of the Zodiacal Light la Astronomical Pamphlets^ 

vol. 3. 
: Narrative of the U. S. Exploring Expedition 1838-1842. Condensed 

and abridged. London, 1845. 8vo. 
Williams (C. H.): Intensity of Twilight Boston, 1875. 8vo. 
Williams (J.): [Chinese] Observations of Comets from B. C. 1600 to A. D. 

1640. London, 1871. 4to. 
Williamson (R. S.); Use of the Barometer in Surveys. 1 vol. Text, 1 vol. 

Tables. New York, 1868. 4to. 
Wilson (J. M.): See Crossley. 

WlNLOCK(J.): Tables of Mercury, Washington, 1864. 4to. 
WiNLOCK (W. C): The group h in the solar spectrum. Boston, 1880. 8vo. 

: Observations of the Great Comet of 1882. Washington, 1883. 4to. 

WiNNECKB (A.): Ueber die Sonne. St. Petersburg, 1861. 8vo. 

: Beobachtungen d«s Jlfars, 1862. St. Petersburg, 1862. 4to. 

Wisconsin: Department of State. Blue-Book of the State of Wisconsin. 

Madison, 1882. 8vo. 
Wceikof(A.): Discussion and Analysis of Coffin's Winds of the Globe. 

Washington. 4to. 
Wolf (C): Recherches historiques sur les etalons de poids «t mesures, etc. 

Paris, 1882. 4to. 
Wolf (R.): Handbuch der Matheijnatik, Physik, Geodasie und Astronomie. 

Vols 1-2. Zurich, 1870. 8vo. 

: Geschichte der Astronomie. Munich, 1877. 8vo. 

: Mittheilungen ueber Sonnenflecken. Nos. 11-12-13-17-51-52-53- 

54-55-56-57-58-59-60. Zurich. 8vo. 

: See Plantamour. 

Wolff (J. T.): Photometrische Beobachtungen an Fixstemen. Leipzig, 

1877. 8vo. 
Wood (De V.): Omissions in a closed survey. 8vo. 

: Work, vis viva and momentum. 8vo. 

Woodman (C): A statement relating to the will of Hon. C. C. Washburn. 

Cambridge, 1884 Privately printed. 
Wright (T. W.): On the adjustment of condition observations, with its 

application to Geodetic work. Part II. New York. 8vo. 
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Yarnall (M.): Catalogue of Stars observed at the U. S. Naval Observa- 
tory during the years 1845 to 1871. [1st edition]. Washington, 
1873. 4to. 

Young (C. A.): On a proposed prinring chronograph. New Haven, 1866. 8vo. 
[The Solar Eclipse of 1870.] Philadelphia, 1870. 8vo. 
On the Solar Corona. New Haven, 1871. 8vo. 
A method of investigating the errors produced by irregularities 
in the pivots of a meridian instrument. Salem, 1879. 8vo. 

: Note on the Spectrum of Broksen's Comet. New Haven, 1879. 8vo. 

: Measures of the diameters of Mars, New Haven, 1880. 8vo. 

: The color correction of certain object glafeses. New Haven, 

1880. 8vo. 

: The 23 inch telescope of the Halsted Observatory at Princeton, 

Salem, 1882. 8vo. 

: Astronomical Collisions.' New York, 1883. 8vo. 

: Spectroscopic Notes. Philadelphia. 8vo. 

Young (T.): A course of lectures on Natural Philosophy. Vols. 1-2. 
London, 1807. 4to. 

Zach (F. von): Monatliche Correspondenz. Vols. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
Register von Dr. J. G. Gallb. (1850). Gotha, 1800-1813, 8vo. 

Zech (J.): Tafeln der Additions und Subtractions Logarithmen. Leipzig, 
1849. 8vo. 

IZOELLNER (J. C. F.): Photometrische Untersuchungen. Leipzig, 1865. 8vo. 
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